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Cross-Reference to Related Applications 

[001] This application is based on and claims the benefit of U.S. Provisional 
Application S.N. 60/430,225, filed December 2, 2002. The entire disclosure of this 
provisional application is relied upon and incorporated by reference herein. 

DESCRIPTION OF THE INVENTION 

Field of the Invention 

[002] This invention in the fields of immunology and infectious diseases 
relates to antibodies that are specific for Gram positive bacteria, particularly to 
bacteria that bear wall teichoic acid (WTA) on their surfaces. The invention includes 
polyclonal antibodies. The invention also includes monoclonal, chimeric, and 
humanized antibodies, as well as fragments, regions and derivatives thereof. This 
invention further relates to Gram positive bacteria deficient in WTA. This invention 
also relates to vaccines comprised of WTA and to vaccines comprised of antibodies 
that are specific for WTA. In addition to therapeutic applications, the antibodies of 
the invention may also be used for diagnostic and prophylactic applications. 
Background of the Invention 

[003] The search for agents to combat bacterial infections has been long and 
arduous. The development of antibiotics has brought us from the time when sepsis 
associated with amputation was associated with a 50 percent mortality rate. Today's 
challenge, however, is the increasing development of bacteria that are resistant to 
antibiotics, such as members of the genera Staphylococcus. 

[004] Staphylococci are particularly worrisome because they commonly 
colonize humans and animals and are an important cause of human morbidity and 
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mortality. Because of their prevalence on the skin and mucosal linings, 
staphylococci are ideally situated to produce both localized and systemic infections. 
Of the staphylococci, both S. aureus, a coagulase positive bacteria, and S. 
epidermidis, a coagulase negative species, are the most problematic. 

[005] In fact, S. aureus is the most virulent staphylococcus, producing 
severe and often fatal disease in both normal and immunocompromised patients. S. 
aureus, a highly pathogenic species of staphylococci, is often found in the anterior 
nares of humans as a primary ecological niche. It is well documented that S. aureus 
nasal colonization is a significant risk factor for contracting S. aureus infection and a 
means for community spread of multi-drug resistance S. aureus. 

[006] S. epidermidis has become one of the major causes of nosocomial 
(hospital acquired) infection in patients with impaired immune responses or those 
whose treatments involve the placement of foreign objects into the body, such as 
patients who receive continuous ambulatory peritoneal dialysis and patients 
receiving parenteral nutrition through central venous catheters (64). Indeed, S. 
epidermidis is now recognized as a common cause of neonatal nosocomial sepsis, 
and infections frequently occur in premature infants that have received parenteral 
nutrition. Moreover, in recent years, the involvement of S. epidermidis in neonatal 
infection has increased dramatically. Indeed, for every 10 babies diagnosed with 
bacterial sepsis seven or more days after birth (indicative of post-partum bacterial 
exposure), six of those are infected with S. epidermidis. Untreated, Staphylococcus 
infections in newborns can result in multiple organ failure and death in two to three 
days. Antibiotics are only partially effective and, unfortunately, the rise in multiply 
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drug resistant strains of Staphylococcus renders antibiotic treatments less and less 
effective. 

[007] The problems of antibiotic resistance are so significant that they have 
reached the lay press. See, e.g., The Washington Post "Microbe in Hospital 
Infections Show Resistance to Antibiotics," May 29, 1997; The Washington Times . 
"Deadly bacteria outwits antibiotics," May 29, 1997. And this concern is borne out by 
the scientific literature. See L Garrett, The Coming Plague, "The Revenge of the 
Germs or Just Keep Inventing New Drugs" Ch. 13, pgs. 411-456, Farrar, Straus and 
Giroux, NY, Eds. (1994). In one study, the majority of staphylococci isolated from 
blood cultures of septic infants were resistant to multiple antibiotics (33). Another 
study describes methicillin-resistant S. aureus (75). There is no doubt that the 
emergence of antibiotic resistance among clinical isolates is making treatment 
difficult (47). 

[008] As discussed above, staphylococcal infections continue to be a major 
health problem and with the emerging resistance of staphylococci to most available 
antibiotics, alternative approaches are clearly needed. At least three strategies 
present themselves for combating staphylococcal infections. First, the body can be 
primed to fight off infections through its own immune system, and this may be 
accomplished through vaccines. Second, the infectious process of the pathogen 
may be interfered with at some stage of the process. For example, the initial 
adherence/colonization by the pathogen may be prevented so that the infectious 
process does not even have a chance to begin. Third, an established infection can 
be treated by various means, including but not limited to antibiotics, to eliminate the 
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pathogen. However, emerging resistance to drug-based treatments is becoming 
less effective. Strategies to develop vaccines or to prevent adherence/colonization 
remain viable alternatives, as indicated below. 

[009] Vaccines: Antibodies may be administered directly to a patient. 
Alternatively, antibodies may be induced by vaccinating a patient with an antigen 
composition that stimulates production of antibodies that specifically react with a 
bacterium or a bacterial component. Antibodies protect against bacterial attack by 
recognizing and binding to antigens on the bacteria to thereby facilitate the removal 
or "clearance" of the bacteria by a process called phagocytosis, wherein phagocytic 
cells (predominantly neutrophils and macrophages) identify, engulf, and 
subsequently destroy the invading bacteria. Antibodies may also have the effect of 
interfering with the infectious process by blocking some important host/pathogen 
interaction. However, bacteria have developed mechanisms to avoid phagocytosis, 
such as the production of a "capsule" to which phagocytes cannot adhere or the 
production of toxins that actually poison the encroaching phagocytes. Antibodies 
overcome these defenses by, for example, binding to the toxins to thereby neutralize 
them. More significantly, antibodies may themselves bind to the capsule to coat it, in 
a process called opsonization, and thus make the bacteria extremely attractive to 
phagocytes and to enhance their rate of clearance from the bloodstream. 

[010] Confounding the use of passively administered antibodies or 
antibodies induced by vaccination, however, are conflicting reports in the literature. 
For example, the immunization studies of Fattom et al. demonstrated that 
opsonization of S. epidermidis was related to the specific capsule type, as with S. 
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aureus and other encapsulated Gram positive bacteria such as Streptococcus 
pneumonia (29). In another study, Timmerman et al. identified a surface protein of 
S. epidermidis that induced opsonic monoclonal antibodies (88). Timmerman et al. 
also identified other monoclonal antibodies that bound to non-homologous S. 
epidermidis strains, but only the monoclonal antibody produced to the homologous 
strain was opsonic, thus opsonization was enhanced only to the homologous strain 
but not to heterologous strains. Accordingly, based on the studies of Fattom et al., 
and Timmerman et al., and others in the field (and in contrast to our laboratory's 
studies as set forth in U.S. Patent Nos. 5,571,511 and 5,955,074), one would not 
expect that an antibody that is broadly reactive to multiple strains of S. epidermidis 
and to S. aureus would have opsonic activity against each strain. This is particularly 
true for antibodies that bind to both coagulase positive and coagulase negative 
staphylococci. 

[01 1] Further exacerbating the problem, the role of the common surface 
antigens on staphylococci has been unclear. For example, while lipoteichoic acid 
and teichoic acid make up the majority of the cell wall of S. aureus, there was no 
prior appreciation that antibodies to lipoteichoic acid and teichoic acid could be 
protective. Indeed, anti-teichoic acid antibodies have been often used as controls. 
For example, Fattom et al. examined the opsonic activity of antibodies induced 
against a type-specific capsular polysaccharide of S. epidermidis, using as controls 
antibodies induced against teichoic acids and against S. hominus. While type- 
specific antibodies were highly opsonic, anti-teichoic acid antibodies were not 
functionally different from the anti-S. hominus antibodies (29). 
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[012] Similarly, in Kojima et al., the authors assessed the protective effects 

of antibody to capsular polysaccharide/adhesion against catheter-related bacteremia 

due to coagulase negative staphylococci and specifically used a strain of S. 

epidermidis that expresses teichoic acid as a control ((44); see page 436, Materials 

and Methods, left column, first paragraph; right column, third paragraph). In a later 

study, Takeda et al. (86), the authors reached a more explicit conclusion against the 

utility of anti-techoic antibodies: 

Immunization protocols designed to elicit antibody to 
techoic acid but not to PS/A afforded no protection 
against bacteremia or endocarditis (86). 

[013] Thus, the role of antibodies in the protection against infections by 
Gram positive bacteria, particularly Staphylococci such as S. aureus and S. 
epidermidis, has not been clear, and there is a need in the art for polyclonal and 
monoclonal antibodies to both protect against such bacterial infection and to help 
elucidate the role of such antibodies against such infection. 

[014] Preventing Adherence/Colonization: Various pathogenic species of 
staphylococci adhere to host factors or artificial surfaces as the first step in their 
pathogenic process. Blocking of this initial interaction between patient and 
pathogen, is an effective way to prevent infection. While many staphylococcal 
factors involved in initial adherence of staphylococci to the patient have been 
identified, many interactions between patient and pathogen are not yet understood. 

[01 5] Staphylococcal infections are a significant cause of morbidity and 
mortality, particularly in settings such as hospitals, schools, and infirmaries. Patients 
particularly at risk include infants, the elderly, the immunocompromised, the 
immunosuppressed, and those with chronic conditions requiring frequent hospital 
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stays. Further, the advent of multiple drug resistant strains of Staphylococcus 
aureus increases the concern and need for timely blocking and treatment of such 
infections. Indeed, the recent World Health Organization report entitled 
"Overcoming Astionicro Oral Resistance" detailed its concern that increasing levels 
of drug resistance are threatening to erode the medical advances of the recent 
decades. Among the issues raised are infections in hospitalized patients. In the 
United States alone, some 14,000 people are infected and die each year as a result 
of drug-resistant microbes acquired in hospitals, so called nosocomial infections. 
Worldwide, as many as 60% of hospital-acquired infections are caused by drug- 
resistant microbes. 

[016] In infections caused by S. aureus, it appears that a principal ecological 
niche and reservoir for S. aureus is the human anterior nares. Nasal carriage of 
staphylococci plays a key role in the epidemiology and pathogenesis of infection (12, 
30, 42, 59, 87, 91 , 92, 94). In healthy subjects, three patterns of S. aureus nasal 
carriage can be distinguished over time: approximately 20% of people are persistent 
carriers, approximately 60% are intermittent carriers, and approximately 20% 
apparently never carry S. aureus (42). 

[017] Nasal carriage of staphylococci is an important risk factor for 
contracting S. aureus infection. Patients at greatest risk are those undergoing 
inpatient or outpatient surgery, in the Intensive Care Unit (ICU), on continuous 
hemodialysis, with HIV infection, with AIDS, burn victims, people with diminished 
natural immunity from treatments or disease, chronically ill or debilitated patients, 
geriatric populations, infants with immature immune systems, and people with 
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intravascular devices (12, 30, 35, 42, 43, 52, 59, 92,94). In one study of ICU 
patients (20), it was found that on admission 166 of 752 (22%) of patients were S. 
aureus nasal carriers. The probability of developing a staphylococcal infection was 
significantly greater (p <0.0001 , with a relative risk of 59.6) in these patients than in 
non-carriers. In 28 out of 30 cases of subsequent staphylococcal infection, identity 
was found between the S. aureus strain colonizing the nares and the strain isolated 
from the infection. Even more strikingly, Mest et al. (56) showed that, of 19 patients 
who were admitted to the ICU with positive nasal cultures for S. aureus, 5 (26%) 
subsequently developed staphylococcal infections as compared to only 6 S. aureus 
infections in a group of 465 patients (1 .3%) negative for nasal carriage of 
staphylococci. 

[018] Chang et al. (1 1 ) studied 84 patients with cirrhosis admitted to a liver 
transplant unit. Overall, 39 (46%) were nasal carriers of S. aureus and 23% of these 
patients subsequently developed S. aureus infections as compared to only 4% of the 
non-carriers. A study of HIV patients (59) showed that 49% (114 of 296) of patients 
had at least one positive nasal culture for S. aureus. Thirty four percent of 201 
patients were considered nasal carriers, with 38% of these being persistent carriers, 
and 62% intermittent carriers. Twenty-one episodes of S. aureus infection occurred 
in thirteen of these patients. Molecular strain typing indicated that, for six of seven 
infected patients, the strain of S. aureus isolated from the infected site was the same 
as that previously cultured from the nares. The nasal S. aureus carrier patients were 
significantly more likely to develop S. aureus infection (P=0.04; odds ratio, 3.6; 
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attributable risk, 0.44). This finding led the authors to conclude that nasal carriage is 
an important risk factor for S. aureus infection in HIV patients (59). 

[019] As discussed above, antibiotic resistance continues to be a major 
problem in staphylococcal infections and the anterior nares is a primary ecological 
niche for these strains as well. Methicillin resistant S. aureus ("MRSA") is a well- 
documented public health problem. In one study performed in a nursing home, 29% 
of the residents carried S. aureus in the nares and, of those isolates, 31% were 
MRSA (47). In a separate study of postoperative intra-abdominal infection, it was 
concluded that MRSA may be a causative pathogen in postoperative intra- 
abdominal infection and this may be related to nasal colonization (30). 

[020] Current technology uses mupirocin ointment to clear staphylococcal 
nasal colonization. Indeed, antibiotics like mupirocin have been successfully used 
as intranasal antimicrobial agents in the eradication of nasal carriage of both 
methicillin sensitive and resistant strains of S. aureus (23, 30, 52, 81 , 92). However, 
mupirocin resistant strains of S. aureus are emerging in many different geographical 
areas (13, 19, 22, 51). 

[021] Until now, staphylococcal factors involved in nasal colonization were 
unknown. It has now been discovered that WTA, complex surface-exposed 
polymers covalently linked to the peptidoglycan, are important for S. aureus nasal 
colonization. This is the first demonstration of a staphylococcal factor that is 
important for nasal colonization. While WTA has been shown to be important for 
survival of S. epidermidis and other types of bacteria, defined WTA mutants have 
never been constructed before. Chemical mutagenesis has resulted in the S. aureus 
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mutant 52A5 (15) which has been proven to lack the enzyme catalyzing the - 
formation of the linkage unit of the WTA (9). However, no gene could be linked to 
the putative enzyme mediating linkage unit biosynthesis. Soldo and coworkers 
showed that the Bacillus subtilis tagO homologue was involved in the synthesis of all 
anionic cell-wall polymers in Bacillus subtilis and catalyzes the formation of the WTA 
linkage unit in B. subtilis (82, 83). However, tagO was important in B. subtilis and 
could not be stably deleted. This new work is the first definitive study assigning this 
role to WTA and defining this molecule as important in the pathogenic process of S. 
aureus. 

[022] Thus, there is also clearly a need in the art for additional interventions 
for staphylococcal disease. 

SUMMARY OF THE INVENTION 

[023] It is a feature of the present invention to provide WTA as a vaccine 
candidate. Antibodies generated by such a vaccine would serve the dual role of 
blocking binding of S. aureus to nasal and other epithelium thus preventing the first 
step in the infectious process. 

[024] It is another feature of the present invention to provide a vaccine that 
generates opsonic antibodies that enhance phagocytosis to protect against S. 
aureus infection. In one embodiment, the vaccine may comprise WTA. In another 
embodiment, WTA may be linked to a number of carrier molecules. In yet another 
embodiment, WTA may be used alone. 

[025] It is still another feature of the present invention to provide polyclonal 
or monoclonal antibodies (MAbs) raised against WTA. In one embodiment, the 
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MAbs may be chimerized. In another embodiment, the MAbs may be humanized. 
These chimerized or humanized MAbs may , for example, be used to allow use in 
humans that can be used to interfere with adherence of S. aureus to patient 
surfaces. MAbs may be used for blocking nasal colonization and other airway 
colonization such as the first step in S. aureus pneumonia. In another embodiment, 
these MAbs may be used systemically to treat other S. aureus diseases like, for 
example, foreign body associated contaminations. The invention also provides 
methods of treating staphylococcal infections comprising instilling a therapeutically 
effective amount of a pharmaceutical composition comprising an antibody that 
specifically binds to WTA or fragments of the antibody to a patient suspected of 
having a staphylococcal infection. 

[026] Yet another feature of the present invention is providing for the 
identification of human ligands that bind to WTA, as well as the ligands. Such 
ligands may act as antigens to induce MAbs against these ligands such that the 
MAbs have same effect of blocking binding of S. aureus to this ligand through WTA. 

[027] Still another feature of the present invention provides soluble forms of 
whole WTA or fragments of WTA produced synthetically or chemically that are used 
to directly interfere with S. aureus adherence to various surfaces (human and 
artificial) to block various staphylococcal/patient interactions, e.g., nasal colonization 
or adherence to other tissue or indwelling devices. This is accomplished by the 
soluble WTA or fragments thereof competing with the S. aureus bound WTA for their 
receptor. The invention also provides methods of treating staphylococcal infections 
comprising instilling a therapeutically effective amount of a pharmaceutical 



11 



F1NNEGAN 
HENDERSON 
FARABOW 
GARRETT & 
DUNNERki! 

1 300 I Street NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.finnegan.com 



Attorney Docket No;: 7787.0061-00000 

composition comprising soluble forms of whole WTA or fragments of WTA to a . 
patient suspected of having a staphylococcal infection. 

[028] Yet a further feature of the present invention is providing for the 
identification of agents that interfere with the production of WTA in S. aureus, as well 
as the agents. These agents may also cause the bacteria to lose the capacity to 
bind to the nasal epithelium and other surfaces in humans and interfere with the 
infectious process. 

[029] Another feature of the present invention is an isolated staphylococcal 
organism deficient in WTA, wherein the tagO gene has been fully deleted, partially 
deleted, or rendered non-functional. 

[030] The above aspects of the invention are intended only to illustrate the 
potential for interference of the interaction of S. aureus and the patient through WTA 
and should not be considered as limiting in the scope of this application. These 
ideas have use both in humans and veterinary settings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[031] Figure 1 shows the structure of S. aureus WTA and disruption of WTA 
production. A. Structure of S. aureus WTA. The A/-acetylglucosamine (GlcNAc) 
phosphate and D-alanine portions are highlighted with gray boxes. MurNAc, /V- 
acetylmuramic acid. B. Location of the S. aureus tagO gene and strategy for its 
replacement with the ermB cassette. C. Polyacrylamide gel with WTA preparations 
stained with a combined alcian blue and silver stain procedure. D. The AtegO 
mutant is deficient in WTA. Analysis of the content of phosphate, GlcNAc, and ribitol 
in WTA preparations from S. aureus Sa1 13 wild-type (WT), AtegO mutant (M) and 
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AtagO complemented with plasmid pRBtagO (MC). The mean and SD of at least 
five independent experiments (phosphate, GlcNAc) or the mean of four counts from 
one experiment (ribitol) are shown. Ribitol content was determined in WT and M 
samples only. 

[032] Figure 2 shows the growth characteristics of S. aureus wild-type and 
AtagO. A. Growth curves of S. aureus wild-type (solid circles) and AtagO (open 
circles) in complex (BM) or minimal medium (IMDM) under aeration at 30°C. S. 
Long-term survival kinetics of wild-type (solid circles) and AtagO (open circles) in 
batch culture. 

[033] Figure 3 shows reduced adherence of AtagO and AdltA mutants to 
epithelial cells. A. Primary human bronchial epithelial cells (NHBE). The means 
and standard deviations (SD) of five independent experiments are shown. B. 
Primary human nasal epithelial cells (HNEC). The results of five independent 
experiments are shown. C. Human airway epithelial cell line A549. The means and 
SD of at least five independent experiments are shown. The data of three of those 
five experiments were set forth in priority application 60/430,225. Significant 
differences vs. wild type samples as calculated with the two-tailed Student's t-test 
are indicated by one (p<0.05), two (p<0.01), or three (p<0.001) asterisks. 

[034] Figure 4 shows A. Inhibition of S. aureus binding to epithelial cells by 
wild-type WTA. Confluent layers of A549 cells or HNECs were preincubated with 
increasing amounts of WTA preparations and adherence of S. aureus strains was 
analyzed as in a. WTA from wild-type or AdltA (0, 125, 250, and 500 pg/ml) or equal 
volumes of samples from AtagO prepared under the same conditions but lacking 
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WTA were used. The means and SD of at least three independent experiments are 
shown. Significant differences vs. control samples as calculated with the two-tailed 
Student's t-test are indicated by one (P < 0.05), two (P < 0.01), or three (P < 0.001) 
asterisks. 8. Attachment of WTA-coated latex beads to HNECs and A549 cells. 
Fluorescent beads were coated with WTA preparations from wild-type (black bars) 
or AdltA (gray bars) or with equal volumes of samples from AlagO prepared under 
the same conditions but lacking WTA (white bars) and hydrophobic bead areas were 
blocked with BSA. Background adherence of beads incubated without WTA was 
subtracted. The means and SD of at least five independent experiments are shown. 
C. IL-8 induction in H NEC by incubation with S. aureus wild-type or NagO. Means 
and SD of three to four experiments are shown. D. Adherence of S. aureus strains 
with altered or lacking WTA or deficient in fibronectin-binding proteins were 
examined for adherence to fibronectin-coated microtiter plates. The MbpAIMbpB 
8325-4-derived mutant lacks fbpA and fbpB encoding the two S. aureus Fn-binding 
proteins. 

[035] Figure 5 shows A. the susceptibilities of S. aureus strains to nasal 
antimicrobial peptides. Equal numbers of wild-type (black squares), AtagO (open 
circles), and AdltA (gray triangles) bacteria were incubated with 100 ug/ml of human 
defensins hNP1-3, 10 ug/ml cathelicidin LL-37, or 500 ug/ml lactoferrin and viable 
bacteria were counted after different times of incubation. The means of at least 
three independent experiments are shown. Significant differences vs. wild-type 
samples as calculated with the two-tailed Student's t-test are indicated by one (P < 
0.05), two (P < 0.01 ), or three (P < 0.001 ) asterisks. B. Lysostaphin-mediated lysis 
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of S. aureus SA1 13 wild type (solid symbols) and AtagO (open symbols). Bacterial 
suspension with an Aeoo of 1 were incubated at 30°C for 1 hour with (circles) or. 
without (squares) lysostaphin at a concentration of 1pg/ml. The values are given as 
percentages of the initial A6oo. 

[036] Figure 6 shows A. Stability of plasmid pRBtagO in the presence (solid 
circles) or absence (open circles) of chloramphenicol after repeated cultivation in BM 
broth. SD is included. 8. Inhibition of nasal colonization by preinstillation of cotton 
rat nares with purified WTA. Ten, six, or twenty animals were used in experiments 
one, two, or three, respectively. The percentage of animals containing more than 
ten CFUs of S. aureus per nose are shown. Half of the animals in a particular 
experiment were either pretreated with PBS only (light gray bars) or with WTA 
dissolved in PBS (dark gray bars). Further differences in experimental settings are 
described in detail in the methods section. 
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DETAILED DESCRIPTION OF THE INVENTION 



Definitions 



[037] The term "wall teichoic acid" (WTA), as used herein, includes complex 
surface-exposed polymers covalently linked to the peptidoglycan in staphylococcal 
cell walls. WTA also includes soluble whole WTA or fragments thereof. In one 
embodiment, WTA may be produced synthetically. In another embodiment, WTA 
may be isolated from staphylococci such as, but not limited to, S. aureus. In another 
embodiment, WTA may be isolated from a non-staphylococcal organism such as, 
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but not limited to, L monocytogenes. A WTA preparation is comprised of soluble 
whole WTA or fragments thereof. 

[038] The term "antibody", as used herein, includes full-length antibodies and 
portions thereof. A full-length antibody has one pair or, more commonly, two pairs 
of polypeptide chains, each pair comprising a light and a heavy chain. Each heavy 
or light chain is divided into two regions, the variable region (which confers antigen 
recognition and binding) and the constant region (associated with localization and 
cellular interactions). Thus, a full-length antibody commonly contains two heavy 
chain constant regions (He or Ch), two heavy chain variable regions (Hv or V H ), two 
light chain constant regions (L c or C L ), and two light chain variable regions (L v or 
V L ). The light chains or chain, may be either a lambda or a kappa chain. Thus, in 
an embodiment of the invention, the antibodies include at least one heavy chain 
variable region and one light chain variable region, such that the antibody binds an 
antigen such as WTA. 

[039] Another aspect of the invention involves the variable region that 
comprises alternating complementarity determining regions, or CDRs, and 
framework regions, or FRs. The CDRs are the sequences within the variable region 
that generally confer antigen specificity. 

[040] The invention also encompasses portions of antibodies that comprise 
sufficient variable region sequence to confer antigen binding. Portions of antibodies 
include, but are not limited to Fab, Fab 1 , F(ab') 2 , Fv, SFv, scFv (single-chain Fv), 
whether produced by proteolytic cleavage of intact antibodies, such as papain or 
pepsin cleavage, or by recombinant methods, in which the cDNAs for the intact 
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heavy and light chains are manipulated to produce fragments of the heavy and light 
chains, either separately, or as part of the same polypeptide. 

[041] Antibodies within the scope of the invention include sequences 
corresponding to human antibodies, animal antibodies, and combinations thereof. In 
one embodiment, antibody preparations comprise polyclonal antibodies. In another 
embodiment, antibody preparations comprise monoclonal antibodies. In further 
embodiments, antibody preparations comprise chimeric antibodies. In another 
embodiment, antibody preparations comprise humanized antibodies. The term 
"chimeric antibody," as used herein, includes antibodies, derived from monoclonal 
antibodies, that have variable regions derived from an animal antibody, such as a rat 
or mouse antibody, fused to another molecule, for example, the constant domains 
derived from a human antibody. One type of chimeric antibodies, "humanized 
antibodies", have had the variable regions altered (through mutagenesis or CDR 
grafting) to match (as much as possible) the known sequence of human variable 
regions. CDR grafting involves grafting the CDRs from an antibody with desired 
specificity onto the FRs of a human antibody, thereby replacing much of the non- 
human sequence with human sequence. Humanized antibodies, therefore, more 
closely match (in amino acid sequence) the sequence of known human antibodies. 
By humanizing mouse monoclonal antibodies, the severity of the human anti-mouse 
antibody, or HAMA, response is diminished. The invention further includes fully 
human antibodies which would avoid, as much a possible, the HAMA response. 

[042] Modified antibodies include, for example, the proteins or peptides 
encoded by truncated or modified antibody-encoding genes. Such proteins or 
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peptides may function similarly to the antibodies of the invention. Other 
modifications, such as the addition of other sequences that may enhance the 
effector function, which includes the ability to block or alleviate nasal colonization by 
staphylococci, are also within the present invention. Such modifications include, for 
example, the addition of amino acids to the antibody's amino acid sequence, 
deletion of amino acids in the antibody's amino acid sequence, substitution of one or 
more amino acids in the antibody amino acid sequence with alternate amino acids, 
isotype switching, and class switching. 

[043] In certain embodiments, an antibody may be modified in its Fc region 
to prevent binding to bacterial proteins. The Fc region normally provides binding 
sites for neutrophils, macrophages, other accessory cells, complement components, 
and, receptors of the immune system. As the antibodies bind to bacteria and 
opsonize them, accessory cells recognize the coated bacteria and respond to 
infection. When a bacterial protein binds to the Fc region near the places where 
accessory cells bind, the normal function of these cells is inhibited. For example, 
Protein A, a bacterial protein found in the cell membrane of S. aureus, binds to the 
Fc region of IgG near accessory cell binding sites. In doing so, Protein A inhibits the 
function of these accessory cells, thus interfering with clearance of the bacterium. 
To circumvent this interference with the antibacterial immune response, the Fc 
portion of the antibody of the invention may be modified to prevent nonspecific 
binding of Protein A while retaining binding to accessory cells (15). 

[044] In light of these various forms, the antibodies of the invention include 
clones of full length antibodies, antibody portions, chimeric antibodies, humanized 
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antibodies, fully human antibodies, and modified antibodies. Collectively, these will 
be referred to as "MAbs" or monoclonal antibodies unless otherwise indicated. 

[045] The term "epitope", as used herein, refers to a region, or regions, of 
WTA that is bound by an antibody to WTA. The regions that are bound may or may 
not represent a contiguous portion of the molecule. 

[046] The term "antigen", as used herein, refers to a polypeptide sequence, 
a non-proteinaceous molecule, or any molecule that can be recognized by the 
immune system. An antigen may be a full-sized staphylococcal protein or molecule, 
or a fragment thereof, wherein the fragment is produced from a recombinant cDNA 
encoding less than the full-length protein; derived from the full-sized molecule or 
protein; produced synthetically; or isolated from an organism such as, but not limited 
to, staphylococci. Fragments may also be produced via enzymatic processing, such 
as proteolysis. An antigen may also be a polypeptide sequence that encompasses 
an epitope of a staphylococcal protein, wherein the epitope may not be contiguous 
with the linear polypeptide sequence of the protein. The DNA sequence encoding 
an antigen may be identified, isolated, cloned, and transferred to a prokaryotic or 
eukaryotic cell for expression by procedures well-known in the art (64). 

[047] An antigen, or epitope thereof, may be 100% identical to a region of 
the staphylococcal molecule or protein amino acid sequence, or it may be at least 
95% identical, or at least 90% identical, or at least 85% identical. An antigen may 
also have less than 95%, 90% or 85% identity with the staphylococcal molecule or 
protein amino acid sequence, provided that it still be able to elicit antibodies the bind 
to a native staphylococcal molecule or protein. The percent identity of a peptide 
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antigen can be determined, for example, by comparing the sequence of the target . 
antigen or epitope to the analogous portion of staphylococcal sequence, using the 
GAP computer program, version 6.0 described by Devereux et al. (Nucl. Acids Res. 
12:387, 1984) and available from the University of Wisconsin Genetics Computer 
Group (UWGCG). The GAP program utilizes the alignment method of Needleman 
and Wunsch (J. Mol. Biol. 48:443, 1970), as revised by Smith and Waterman (Adv. 
Appl. Math 2:482, 1981), and is applicable to determining the percent identity of 
protein or nucleotide sequences referenced herein. The preferred default 
parameters for the GAP program include: (1) a unary comparison matrix (containing 
a value of 1 for identities and 0 for non-identities) for nucleotides, and the weighted 
comparison matrix of Gribskov and Burgess, Nucl. Acids Res. 14:6745, 1986, as 
described by Schwartz and Dayhoff, eds., Atlas of Protein Sequence and Structure, 
National Biomedical Research Foundation, pp. 353-358, 1979; (2) a penalty of 3.0 
for each gap and an additional 0.10 penalty for each symbol in each gap; and (3) no 
penalty for end gaps. 

[048] Alternatively, for simple comparisons over short regions up to 10 or 20 
units, or regions of relatively high homology, for example between antibody 
sequences, the percent identity over a defined region of peptide or nucleotide 
sequence may by determined by dividing the number of matching amino acids or 
nucleotides by the total length of the aligned sequences, multiplied by 100%. Where 
an insertion or gap of one, two, or three amino acids occurs in a MAb chain, for 
example in or abutting a CDR, the insertion or gap is counted as single amino acid 
mismatch. 
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[049] Antigens include, but are not limited to surface antigens, virulence 
antigens, and adherence antigens. Surface antigens are antigens that are 
accessible to an antibody when the antigen is in the configuration of the whole intact 
bacterium, i.e., the antigen is not inside the cell cytoplasm. Virulence antigens are 
antigens that are involved in the pathogenic process, causing disease in a patient. 
Virulence antigens include, for example, lipoteichoic acid (LTA), peptidoglycan, 
toxins, fimbria, flagella, and adherence antigens. Adherence antigens such as WTA 
mediate the ability of a staphylococcal bacterium to adhere to an epithelial surface, 
such as the epithelial surface of the anterior nares. An antigen may be a non- 
proteinaceous component of staphylococci such as a carbohydrate or lipid. For 
example, peptidoglycan, LTA, and WTA are non-proteinaceous antigens found in the 
cell wall of staphylococci. Antigens may comprise or include fragments of non- 
proteinaceous molecules as long as they elicit an immune response. 

[050] As used herein, antigens include molecules that can elicit an antibody 
response to WTA. An antigen may be WTA itself, or a fragment or portion thereof. 
An antigen may also be an unrelated molecule, which, through some structural 
similarity, is able to elicit antibodies that bind to WTA. Binding to WTA may thus be 
assessed by binding to such peptide epitope mimics, as described, for example, in 
U.S Ser. No. 09/893,615, incorporated herein by reference. In certain embodiments 
of the invention, an antigen elicits antibodies that bind to WTA on the surface of 
bacteria. As specifically used herein, an antigen is any molecule that can 
specifically bind to an antibody, including antibodies specific for WTA. 
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[051] An antibody is said to specifically bind to an antigen, epitope, or 
protein, if the antibody gives a signal by an assay such as an ELISA assay that is at 
least two fold, at least three fold, at least five fold, or at least ten fold greater than the 
background signal, i.e., at least two fold, at least three fold, at least five fold, or at 
least ten fold greater than the signal ascribed to non-specific binding. An antibody is 
said to specifically bind to a bacterium if the antibody gives a signal by methanol- 
fixed bacteria ELISA or live bacteria ELISA, or other assay, that is at least 1 .5 fold, 2 
fold, or 3 fold greater than the background signal. 

[052] "Enhanced phagocytosis", as used herein, means an increase in 
phagocytosis over a background level as assayed by the methods in this application, 
or another comparable assay. The level deemed valuable may well vary depending 
on the specific circumstances of the infection, including the type of bacteria and the 
severity of the infection. For example, for enhanced phagocytic activity, in one 
embodiment, an enhanced response is equal to or greater than 75% over 
background phagocytosis. In another embodiment, an enhanced response is equal 
to or greater than 80% or 85% over background phagocytosis. In another 
embodiment, an enhanced response is equal to or greater than 90% or 95% over 
background phagocytosis. Enhanced phagocytosis may also be equal to or greater 
than 50%, 55%, 60%, 65%, or 70% over background phagocytosis. In another 
embodiment, enhanced phagocytosis comprises a statistically significant increase in 
phagocytic activity as compared to background phagocytosis or phagocytosis with a 
non-specific or non-opsonic control antibody. An antibody has "opsonic activity" if it 
can bind to an antigen to promote attachment of the antigen to the phagocyte and 
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thereby enhance phagocytosis. As used herein, opsonic activity may also be 
assessed by assays that measure neutrophil mediated opsonophagocytotic 
bactericidal activity. 

[053] The specific determination or identification of a "statistically significant" 
result will depend on the exact statistical test used. One of ordinary skill in the art 
can readily recognize a statistically significant result in the context of any statistical 
test employed, as determined by the parameters of the test itself. Examples of 
these well-known statistical tests include, but are not limited to, X 2 Test (Chi- 
Squared Test), Students t Test, F Test, M test, Fisher Exact Text, Binomial Exact 
Test, Poisson Exact Test, one way or two way repeated measures analysis of 
variance, and calculation of correlation efficient (Pearson and Spearman). 

[054] The antibody preparations of the invention and the WTA preparations 
of the invention are useful for the treatment of systemic and local staphylococcal 
infections in a patient. Local infections are found in specific areas of a patient's 
body, such as, but not limited to, the nose. As used herein, "patient" includes 
humans and non-human mammals which are hosts for bacterial infections, including, 
but not limited to, staphylococcal infections. As used herein, "treatment" 
encompasses any reduction, amelioration, or "alleviation" of existing infection as well 
as "blocking" or prophylaxis against future infection. In this respect, treatment with 
an antibody preparation of the invention or a WTA preparation of the invention is 
said to "alleviate" staphylococcal colonization if it is able to decrease the number of 
colonies in the nares of a mammal when the MAb or WTA preparation is 
administered before, concurrently with, or after exposure to staphylococci, whether 
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that exposure results from the intentional instillation of staphylococcus or from 
general exposure. For instance, in the nasal colonization animal model described 
below, an antibody preparation or WTA preparation is considered to alleviate 
colonization if the extent of colonization, or the number of bacterial colonies that can 
be grown from a sample of nasal tissue, is decreased after administering the 
antibody preparation or WTA preparation. An antibody preparation or WTA 
preparation alleviates colonization in the nasal colonization assays described herein 
when it reduces the number of colonies by at least 50%, at least 60%, at least 75%, 
at least 80%, or at least 90%. 100% alleviation may also be referred to as 
eradication. 

[055] An antibody preparation or WTA preparation is said to "block" 
staphylococcal colonization if it is able to prevent the nasal colonization of a human 
or non-human mammal when it is administered prior to, or concurrently with, 
exposure to staphylococci, whether by intentional instillation or otherwise into the 
nares. An antibody preparation or WTA preparation blocks colonization, as in the 
nasal colonization assay described herein, if no staphylococcal colonies can be 
grown from a sample of nasal tissue taken from a mammal treated with the MAb of 
the invention for an extended period such as 12 hours or longer or 24 hours or 
longer compared to control mammals. An antibody preparation or WTA preparation 
also blocks colonization in the nasal colonization assay described herein if it causes 
a reduction in the number of animals that are colonized relative to control animals. 
For instance, an antibody preparation or WTA preparation is considered to block 
colonization if the number of animals that are colonized after administering the 



24 



FINNECAN 
HENDERSON 
F A R A B O W 
GARRETT& 
DUNNER Lif 

1300 I Street, NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.fmnegan.com 



Attorney Docket No.: 7787.0061-00000 

material and the Gram-positive bacteria is reduced by at least 25%, at least 50%,. 
and at least 75%, relative to control animals or if no colonies can be grown from a 
sample taken from a treated individual for an extended period such as 12 hours or 
24 hours or longer. 

[056] In a clinical setting, the presence or absence of nasal colonization in a 
patient is determined by culturing nasal swabs on an appropriate bacterial medium. 
These cultures are scored for the presence or absence of staphylococcal colonies. 
In this type of qualitative assay system, it may be difficult to distinguish between 
blocking and alleviation of staphylococcal colonization. Thus, for the purposes of 
qualitative assays, such as nasal swabs, an antibody preparation or WTA 
preparation "blocks" colonization if it prevents future colonization in human patients 
who show no signs of prior colonization for an extended period of 12 or 24 hours or 
longer. An antibody preparation or WTA preparation "alleviates" colonization if it 
causes a discernable decrease in the number of positive cultures taken from a 
human patient who is already positive for staphylococci before the antibody 
preparations or the WTA preparations of the invention are administered. 

[057] A "vaccine" as used herein includes pharmaceutical compositions 
comprising antibodies or antigens. In one embodiment, vaccines comprise a 
preparation of soluble whole WTA or a fragment thereof. In another embodiment, 
vaccines comprise a preparation of antibodies that specifically bind to WTA. In 
another embodiment, vaccines comprising a preparation of antibodies that 
specifically bind to WTA are used in passive immunotherapy. In yet another 
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embodiment, vaccines also comprise pharmaceutical^ acceptable carriers, as 
further discussed below. 

[058] A vaccine is considered to confer a protective immune response if it 
stimulates the production of opsonic antibodies with enhanced phagocytic activity to 
Gram-positive bacteria. Production of opsonic antibodies may be measured by the 
presence of such antibodies in the serum of a test subject that has been 
administered the vaccine, relative to a control that has not received the vaccine. 
The presence of opsonic antibodies in the serum may be measured by, for example, 
an opsonophagocytic bactericidal assay as described in U.S. Patent 6,610,293. 
Alternatively, such an assay may be carried out by using neutrophils isolated from 
adult venous blood by sedimentation using PMN Separation Medium (Robbins 
Scientific catalog no. 1068-00-0). Antibody, serum, or other immunoglobulin source, 
is added at various dilutions to replicate wells of a round-bottom microtiter plate. 
Neutrophils (approximately 2 x 10 6 cells per well) are then added to each well, 
followed immediately by approximately 3 x 10 4 mid-log phase bacteria in 10 /vl 
Tryptic Soy Broth or other suitable bacterial growth medium. Immunoglobulin- 
depleted human serum is added as a source of active complement. 
(Immunoglobulins are removed from human serum complement by preincubating the 
serum with Protein G-agarose and Protein L-agarose before use in the assay. This 
depletion of immunoglobulins minimizes the concentrations of anti-staphylococcal 
antibodies in the complement, thereby reducing bacterial killing caused by inherent 
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[059] The plates are incubated at 37°C with constant,, vigorous shaking. 
Aliquots are taken from each well at zero time, when the sample antibody is first 
added, and after 2 hours of incubation. To determine the number of viable bacteria 
in each aliquot harvested from each sample well, each aliquot is diluted 20-fold in a 
solution of 0.1 % BSA in water (to lyse the PMNs), mixed vigorously by rapid 
pipetting, and cultured on blood agar plates (Remel, cat. no. 01-202, or equivalent) 
overnight at 37°C. The opsonic activity is measured by comparing the number of 
bacterial colonies observed from the sample taken at two hours with the number of 
bacterial colonies observed from the sample taken at time zero. Colonies are 
enumerated using an IPI Minicount Colony Counter. 

[060] A vaccine enhances immunity when the test serum generated by 
administering the vaccine results in the killing of at least 50% more bacteria, 75% 
more bacteria, and at least 100% more bacteria, relative to the control serum of a 
non-vaccinated patient. 
Detailed Description of the Invention 

[061] The present invention provides antibodies, including monoclonal 
antibodies, and chimeric, humanized and fully human antibodies, fragments, 
derivatives, and regions thereof, which bind to WTA of Gram positive staphylococci. 
In one embodiment, the antibodies of the invention bind to the patient ligand that 
staphylococcal WTA binds to. These anti-ligand antibodies may, for example, inhibit 
the binding of staphylococci to patient surfaces by inhibiting the interaction of WTA 
with its ligand. Gram positive bacteria, unlike Gram negative bacteria, take up the 
Gram stain as a result of a difference in the structure of the cell wall. The cell walls 
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of Gram negative bacteria are made up of a unique outer membrane of two 
opposing phospholipid-protein leaflets, with an ordinary phospholipid in the inner 
leaflet but the extremely toxic lipopolysaccharide in the outer leaflet. The cell walls 
of Gram positive bacteria seem much simpler in comparison, containing two major 
components, peptidoglycan and teichoic acids plus additional carbohydrates and 
proteins depending on the species. Though the structure of WTA differs between 
different staphylococcal species, antibodies raised against S. aureus WTA may 
recognize some common WTA modifications such as D-Alanine esters or GlcNAc 
modification and cross react with WTA from other staphylococcal species. Moreover 
anti-WTA antibodies may also specifically bind non-staphylococccal species. For 
example, Listeria monocytogenes has the same WTA structure as S. aureus. Thus, 
antibodies that specifically bind S. aureus WTA may also specifically bind L 
monocytogenes. 

[062] Among the Gram positive staphylococci against which the antibodies 
of the invention are directed are S. aureus (a coagulase positive bacteria) and S. 
epidermidis (a coagulase negative bacteria). . 

[063] In one embodiment, the invention relates to antibodies that bind to the 
WTA of Gram positive bacteria. In another embodiment, these antibodies enhance 
the phagocytosis of such bacteria. These anti-WTA antibodies include, but are not 
limited to, polyclonal antibodies, MAbs, and other MAbs antibodies including, 
chimeric, humanized, fully human antibodies, antibody fragments, and modified 
antibodies. Chimeric or other monoclonal antibodies are advantageous in that they 
avoid the development of anti-murine antibodies. In at least one study, patients 
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administered murine anti-TNF (tumor necrosis factor) monoclonal antibodies 
developed anti-murine antibody responses to the administered antibody (28). This 
type of immune response to the treatment regimen, commonly referred to as the 
human anti-mouse antibody response, or the HAMA response, decreases the 
effectiveness of the treatment and may even render the treatment completely 
ineffective. Humanized or chimeric human/non-human monoclonal antibodies have 
been shown to significantly decrease the HAMA response and to increase the 
therapeutic effectiveness (49). 

[064] Thus, in one aspect of the invention, a chimeric heavy chain can 
comprise the antigen binding region of the heavy chain variable region of the anti- 
WTA antibody of the invention linked to at least a portion of a human heavy chain 
IgG, IgA, IgM, or IgD constant region. This humanized or chimeric heavy chain may 
be combined with a chimeric light chain that comprises the antigen binding region of 
the light chain variable region of the anti-WTA antibody linked to at least a portion of 
the human light chain kappa or lambda constant region. Exemplary embodiments 
include, but are not limited to, an antibody having a mouse heavy chain variable 
region fused to a human Igd constant region, and a mouse light chain variable 
region fused to a human kappa light chain constant region. 

[065] The chimeric antibodies and other MAbs of the invention may be 
monovalent, divalent, or polyvalent immunoglobulins. For example, a monovalent 
chimeric antibody is a dimer (HL) formed by a chimeric H chain associated through 
disulfide bridges with a chimeric L chain, as noted above. A divalent chimeric 
antibody is a tetramer (H2 L 2 ) formed by two HL dimers associated through at least 
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one disulfide bridge. A polyvalent or multivalent chimeric antibody may be based on 
an aggregation of chains, with or without a carrier or scaffold. 

[066] The MAbs of the invention include antibodies that contain heavy and 
light chain variable regions derived from two different antibodies. In one 
embodiment, the heavy and light chain variable regions are derived from two 
antibodies that bind to the same molecule, e.g. WTA. 

[067] In addition to the antibodies, the present invention also encompasses 
the DNA sequences of the genes coding for the antibodies as well as the 
polypeptides encoded by the DNA. 

[068] The invention includes peptide sequences for, and DNA sequences 
encoding, full-length antibodies and portions thereof, as well as GDRs and FRs 
relating to these MAbs. The invention further includes DNA and peptide sequences 
that are homologous to these sequences. In one embodiment, these homologous 
DNAs and peptide sequences are about 70% identical, although other embodiments 
include sequences that about 75%, 80%, 85%, 88%, 90%, and 95% or more 
identical. As indicated above, determining levels of identity for both the DNA and 
peptide sequence is well within the routine skill of those in the art. 

[069] In another embodiment, the invention contemplates production 
systems for MAbs, light chains, heavy chains, and portions thereof, comprising 1) a 
cell (including. bacteria, yeast, microorganisms, eukaryotic cell lines, transgenic plant 
or animal) in connection with 2) at least one recombinant nucleic acid capable of 
directing the expression of any of the MAbs or related polypeptides of the invention. 
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[070] The DNA sequences of the invention can be identified, isolated, 
cloned, and transferred to a prokaryotic or eukaryotic cell for expression by 
procedures well-known in the art. Such procedures are generally described in 
Molecular Cloning: A Laboratory Manual, as well as Current Protocols in Molecular 
Biology (5, 76), which are incorporated by reference. Guidance relating more 
specifically to the manipulation of sequences of the invention may be found in 
Antibody Engineering, and Antibodies: A Laboratory Manual (8, 39), both of which 
are incorporated by reference in their entirety. In certain embodiments, a CDR can 
be grafted onto any human antibody framework region using techniques standard in 
the art, in such a manner that the CDR maintains the same binding specificity as in 
the intact antibody. As noted as above, an antibody that has its CDRs grafted onto a 
human framework region is said to be "humanized". Humanized, and fully human 
antibodies generally also include human constant regions, thus maximizing the 
percentage of the antibody that is human-derived, and potentially minimizing the 
HAMA response. 

[071] In addition, the DNA and peptide sequences of the antibodies of the 
invention, including both monoclonal and chimeric antibodies, humanized and fully 
human antibodies, may form the basis of antibody "derivatives," which include, for 
example, the proteins or peptides encoded by truncated or modified genes. Such 
proteins or peptides may function similarly to the antibodies of the invention. Other 
modifications, such as the addition of other sequences that may enhance the 
effector function, which includes phagocytosis and/or killing of the bacteria, are also 
within the present invention. 
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[072] The present invention also discloses a vaccine comprising antibodies 
specific for WTA, whether monoclonal or chimeric, humanized, or fully human, 
together with a pharmaceutical^ acceptable carrier. In one embodiment, a vaccine 
comprising antibodies specific for WTA may be used to block the adherence of 
staphylococci to patient surfaces, which include but are not limited to the nares, the 
skin, and airway epithelia such as in the lung. In one embodiment, the antibody 
vaccine may be used to block or treat bacterial infections in patients susceptible to 
lung infections, such as, but not limited to, patients with cystic fibrosis. In another 
embodiment, a vaccine comprising antibodies specific for WTA may be used to 
systemically treat a patient to block or alleviate staphylococcal contaminations 
associated with foreign bodies, which include but are not limited to catheters and 
prosthetics (i.e., an artificial knee or hip joint). 

[073] The vaccines of the invention may alternatively comprise the isolated 
WTA or portions thereof, together with a pharmaceutical^ acceptable carrier. In one 
embodiment, a WTA vaccine may be used to induce the production of antibodies 
that bind to WTA. The invention also includes medicinal compositions comprising 
WTA. In one embodiment, a medicinal composition may interfere with the 
interaction of staphylococci with surfaces by coating the surface with WTA. 
Surfaces include, but are not limited to, patient surfaces and artificial surfaces such 
as those found in prosthetics or catheters. The vaccine WTA competes with WTA in 
the staphylococcal cell wall for binding to these surfaces: 

[074] Pharmaceutical^ acceptable carriers can be sterile liquids, such as 
water, oils, including petroleum oil, animal oil, vegetable oil, peanut oil, soybean oil, 
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mineral oil, sesame oil, and the like. Saline solutions, aqueous dextrose, and 
glycerol solutions can also be employed as liquid carriers, particularly for injectable 
solutions. Suitable pharmaceutical carriers are described in Remington's 
Pharmaceutical Sciences, 18th Edition (36), which is herein incorporated by 
reference. 

[075] Additionally, the invention may be practiced with various delivery 
vehicles and/or carriers. Such vehicles may increase the half-life of the MAbs or 
WTA in storage and upon administration including, but not limited to, application to 
skin, wounds, eyes, lungs, or mucus membranes of the nasal or gastrointestinal 
tract, or upon inhalation or instillation into the nares. These carriers comprise 
natural polymers, semi-synthetic polymers, synthetic polymers, lipososmes, and 
semi-solid dosage forms (55, 57, 74, 78, 84, 85). Natural polymers include, for 
example, proteins and polysaccharides. Semi-synthetic polymers are modified 
natural polymers such as chitosan, which is the deacetylated form of the natural 
polysaccharide, chitin. Synthetic polymers include, for example, polyphosphoesters, 
polyethylene glycol, poly (lactic acid), polystyrene sulfonate, and poly (lactide 
coglycolide). Semi-solid dosage forms include, for example, dendrimers, creams, 
ointments, gels, and lotions. These carriers can also be used to microencapsulate 
the MAbs or be covalently linked to the MAbs. 

[076] The present invention provides methods for treating a patient infected 
with, or suspected of being infected with, a Gram-positive bacteria such as a 
staphylococcal organism. In one embodiment, the method comprises administering 
a therapeutically effective amount of a vaccine comprising the anti-WTA 
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immunoglobulin (whether monoclonal, chimeric, humanized, or fully human, 
including fragments, regions, and derivatives thereof) and a pharmaceutical^ 
acceptable carrier. In another embodiment, the method comprises administering a 
therapeutically effective amount of a vaccine comprising WTA or a fragment thereof 
and a pharmaceutical^ acceptable carrier. Representative patients include any 
mammal subject to S. aureus or other staphylococcal or Gram-positive infection or 
carriage, including humans and non-human animals such as mice, rats, rabbits, 
dogs, cats, pigs, sheep, goats, horses, primates, ruminants including beef and milk 
cattle, buffalo, camels, as well as fur-bearing animals, herd animals, laboratory, zoo, 
and farm animals, kenneled and stabled animals, domestic pets, and veterinary 
animals. 

[077] A therapeutically effective amount is an amount reasonably believed to 
provide some measure of relief, assistance, prophylaxis, or preventative effect in the 
treatment of the infection. A therapeutically effective amount may be an amount 
believed to be sufficient to block a bacterial infection. Similarly, a therapeutically 
effective amount may be an amount believed to be sufficient to alleviate a bacterial 
infection. Such therapy as above or as described below may be primary or 
supplemental to additional treatment, such as antibiotic therapy, for a staphylococcal 
infection, an infection caused by a different agent, or an unrelated disease. Indeed, 
combination therapy with other antibodies is expressly contemplated within the 
invention. 

[078] The antibody preparations and WTA preparations of the invention may 
be administered in conjunction with other antibiotic anti-staphylococcal drugs 
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including antibiotics like mupirocin and bacitracin; anti-staphylococcal agents like . 
lysostaphin, lysozyme, mutanolysin, and cellozyl muramidase; anti-bacterial 
peptides like nisin; and other lantibiotics, or any other lanthione-containing molecule, 
such as nisin or subtilin. 

[079] A further embodiment of the present invention is a method of 
preventing such infections, comprising administering a prophylactically effective 
amount of a vaccine comprising the anti-WTA antibody (whether monoclonal, 
chimeric, humanized, or fully human) and a pharmaceutical^ acceptable carrier. In 
another embodiment, the present invention is a method of preventing such 
infections, comprising administering a prophylactically effective amount of a vaccine 
comprising WTA or a fragment thereof and a pharmaceutical^ acceptable carrier 

[080] A prophylactically effective amount is an amount reasonably believed 
to provide some measure of prevention of infection by Gram positive bacteria. Such 
therapy as above or as described below may be primary or supplemental to 
additional treatment, such as antibiotic therapy, for a staphylococcal infection, an 
infection caused by a different agent, or an unrelated disease. Indeed, combination 
therapy with other antibodies is expressly contemplated within the invention. 

[081] The vaccines of the invention may be administered by intravenous, 
intraperitoneal, intracorporeal injection, intra-articular, intraventricular, intrathecal, 
intramuscular or subcutaneous injection, or intranasally, dermally, intradermal^, 
intravaginally, orally, or by any other effective method of administration. The 
composition. may also be given locally, such as by injection to the particular area 
infected, either intramuscularly or subcutaneously. Administration can comprise 
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administering the vaccine by swabbing, immersing, soaking, or wiping directly to a 
patient. The treatment can also be applied to objects to be placed within a patient, 
such as indwelling catheters, cardiac valves, cerebrospinal fluid shunts, joint 
prostheses, other implants into the body, or any other objects, instruments, or 
appliances at risk of becoming infected with a Gram positive bacteria, or at risk of 
introducing such an infection into a patient. 

[082] As a particularly valuable corollary of treatment with the compositions 
of the invention (pharmaceutical compositions comprising anti-WTA antibodies, 
whether, monoclonal, chimeric, humanized or fully human) may be the reduction in 
cytokine release that results from the introduction of the WTA of a Gram positive 
bacteria (54). WTA may induce cytokines. Accordingly, the compositions of the 
invention may enhance protection at three levels: (1) by binding to WTA on the 
bacteria and thereby blocking the initial binding to epithelial cells and preventing 
subsequent invasion of the bacteria; (2) by binding to WTA on bacteria and thereby 
enhancing opsonization of the bacteria and clearance of the bacteria from tissues 
and/or blood; and/or (3) by binding to WTA and partially or fully blocking cytokine 
release and modulating the inflammatory responses to prevent shock and tissue 
destruction. 

[083] Finally, the invention provides for staphylococcal organisms that are 
deficient in WTA. In one embodiment, the. staphylococcal organism is S. aureus. 
The term "deficient in WTA" as used herein means that the staphylococcal organism 
does not contain WTA in its cell wall. A staphylococcal organism deficient in WTA 
may be "constructed" using techniques, such as recombinant DNA techniques, that 
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are known to those in the art. For example, staphylococcal organism deficient in 
WTA may be constructed by inactivating a staphylococcal gene that produced a 
biological product that is involved in synthesizing WTA or incorporating WTA into the 
bacterial cell wall. Such genes include, but are not limited to, the tagO gene. A 
gene is "inactivated" when the biological product the gene encodes is absent from 
the cell or when the biological product no longer performs its normal function in the 
cell. A gene may be inactivated by several methods, including but not limited to, 
deleting either the entire gene or a portion of the gene from a staphylococcal 
organism's genome; changing the gene's nucleotide sequence at one or more 
nucleotide positions; or by adding additional nucleotide sequences to the gene's 
nucleotide sequence (i.e., to disrupt the gene). Staphylococcal organisms deficient 
in WTA may be used, for example, to study the effect of WTA on the patient's 
immune response to staphylococci by comparing immune responses to the WTA 
deficient mutant to immune responses to the wild-type strain from which the WTA 
deficient mutant was generated. 

[084] Having generally described the invention, it is clear that the invention 
overcomes some of the potentially, serious problems described in the Background 
section regarding the development of antibiotic resistant Gram positive bacteria. As 
set forth above, Staphylococci and Streptococci (such as S. faecalis) have become 
increasingly resistant to antibiotics and, with the recent spread of drug resistant 
strains, antibiotic therapy may become totally ineffective. 

[085] Particular aspects of the invention are now presented in the form of the 
following Materials and Methods, as well as the specific Examples. Of course, these 
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are included only for purposes of illustration and are not intended to be limiting of the 
present invention. 

MATERIALS AND METHODS 

[086] Bacterial strains and growth conditions : S. aureus SA113 and 
8325-4 are laboratory strains frequently used in experimental infection studies (61). 
The SA1 1 3 dltA mutant and plasmid pRBdltl used for complementation of the 
mutant have recently been described in detail (68). A 8325-4-derived mutant that 
lacks fbpA and fbpB encoding the two S. aureus Fn-binding proteins was kindly 
provided by Tim J. Foster (Dublin, Ireland) (37) All bacterial strains were grown in 
LB broth (1% tryptone, 0.5% yeast extract, 0.5% NaCI) or BM broth (LB 
supplemented with 0.1% K 2 HP0 4 and 0.1% glucose) at 37°C unless otherwise 
noted. In order to compare the generation times of wild-type and mutant bacteria, 
complex medium (BM) or synthetic minimal medium (IMDM without phenol red, 
Gibco-BRL, Carlsbad, CA) was inoculated with 1/100 volumes of overnight cultures, 
200-ul samples were added to the wells of 96-well microtiter plates and vigorously 
shaken at 30°C or 37°C. Bacterial densities were determined in a microplate reader 
at several time points and generation times were calculated for log-phase growth. 

[087] Generation and complementation of a tagO mutant: Gene SA0702 
from the S. aureus genome (27) exhibits 62% similarity to the B. subtilis tagO. In 
order to inactivate the corresponding gene, DNA fragments consisting of 1001 bp 
upstream and 1002 bp downstream of SA0702 were amplified by PCR from S. 
aureus SA1 13 (ATCC 35556) DNA and cloned using Kpn\ISal\ (upstream) and 
EcoR\IXba\ (downstream) restriction sites together with the Sa/l/EeoRI-digested 
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ermB gene from Tn551 into the Kpnl/Xbal-digested temperature-sensitive shuttle 
plasmid pBT2. After cloning in E. coli DH5o the sequence of the PCR products was 
confirmed. The resulting plasmid pBTAtagO was transformed into S. aureus SA113 
to achieve integration of the ermB gene into the genome by homologous 
recombination. Mutants were enriched by cultivation at 42°C in the presence of 2.5 
ug/ml erythromycin. The proper integration of ermB, which is considerably larger 
than tagO, was confirmed by PCR analysis. A 1055-bp fragment encoding the entire 
TagO was deleted. E. coli- and Sfaphy/ococcus-specific plasmid vectors and 
molecular methods have been described previously (4, 5, 10, 61 , 67). The 
procedures for cloning, homologous recombination, and verification of the mutant 
were performed as essentially described recently (10, 68, 69). 

[088] Plasmid pRBtagO was constructed by cloning a 1720-bp PCR 
fragment bearing the tagO gene together with the putative promoter region (460-bp 
non-coding upstream DNA). The PCR primers had been modified to introduce 
Asp718l (upstream) and H/ndlll (downstream) restriction sites. Primer sequences 
were as follows: 
TO-PCR1 (Asp7181) 

5" CGATAAGGGATAGGGTACCCAGATATAAATAATGATACG 3' (SEQ ID NO. 1) 
TO-PCR2 (Hindlll) 

5' GAAGAAACTCCAAAGCTTTTATTCGATATACCAAACT 3' (SEQ ID NO. 2) 
These PCR primers permitted ligation of the fragment into the shuttle vector 
pRB473 (67) digested with the same restriction sites. pRBtagO was constructed in 
E. coli DH5a and transformed into S. aureus SA1 13 by electroporation (4). In order 
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to analyze the stability of plasmid pBRtagO, bacteria were cultivated in consecutive 
cultures lacking antibiotic, which were inoculated 1:100 every 24 hours. Viable 
bacteria were counted by plating diluted bacterial suspensions on agar with or 
without chloramphenicol. 

[089] Isolation and characterization of WTA: Staphylococcal teichoic 
acids were isolated and analyzed as described recently (68). Briefly, bacteria were 
grown overnight in BM broth containing 0.3% glucose, re-suspended in sodium 
acetate buffer (20 mM, pH 4.6) and disrupted using glass beads. Cell walls were 
prepared by extraction of crude cell lysates with 2% SDS followed by extensive 
washing with sodium acetate buffer. Cell wall teichoic acids were released by 
treatment of the cell walls with 5% trichloroacetic acid. The amounts of phosphorus 
and hexosamines in teichoic acid samples were determined by colorimetric assays 
as described elsewhere (18, 68, 80). The ribitol content was determined by gas 
chromatography. 100 jxl of WTA preparations were heated with 100 \i\ 6N HCI at 
1 10°C for 23 h; under these conditions ribitol is converted completely to 
anhydroribitol. 100 ^l methanol and 10 jil tert-butanol were added and the sample 
dried in a vacuum centrifuge. Ribitol was then derivatized with 50 |il 
bis(trimethylsilyl)trifluoroacetamide/acetonitrile (1:1) at 1 10°C for 2 h. The samples 
were diluted with 100 jil methylene chloride containing 20 \xg n-tetracosane (internal 
standard) and analyzed on a DB 5 fused silica capillary (30 m x 0.25 mm; d f = 0.1 
jam; J+W Scientific, Folsom, CA) using a HP 5890 gas chromatograph with a flame 
ionization detector and H 2 as carrier gas (Hewlett Packard, Palo Alto, CA). The 
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response factor of ribitol relative to n-tetradecane was determined under identical 
conditions of sample preparation. 

[090] For some assays WTA was further purified by ethanol precipitation as 
described previously (54). In brief, WTA was allowed to precipitate for 15 hours after 
addition of 1/10 volume of 3 M sodium acetate (pH 5.1 ) and 3 volumes of 95% ice- 
cold ethanol. After centrifugation at 8000 x g for 20 min at 4°C WTA was washed 
three times with 80% ethanol and lyophilized. 

[091] In order to separate WTA by polyacrylamide gel electrophoresis 
(PAGE) precipitated WTA was dissolved in a sample buffer (50 mM Tris/HCI, pH 6.8, 
10% glycerol, 2.5% bromophenol blue), applied to tris/tricine gels (77) containing 
18% acrylamide and lacking SDS, and visualized by a combined alcian blue and 
silver stain, essentially as described elsewhere (70). 

[092] Phages 3A, (J>1 1 , and 85 were propagated in S. aureus SA1 1 3 wild- 
type according to standard procedures (34, 61) and their activity was studied by 
dropping phage suspensions on lawns of S. aureus strains as described recently 
(18). Bacterial growth was studied in BM broth (1% tryptone, 0.5% yeast extract, 
0.5% NaCI, 0.1% K 2 HP0 4 , and 0.1% glucose) or IMDM (Gibco-BRL) under vigorous 
aeration after inoculation of the medium with 1/100 of an overnight culture. Survival 
rates in the stationary phase were investigated in the same way using BM broth. 

[093] Cotton rat model of nasal colonization: The cotton rat nasal 
colonization model has recently been described in detail (45). Briefly, S. aureus was 
grown overnight on Columbia agar (BD, Sparks, MD) supplemented with 2% NaCI 
(Sigma, St. Louis, MO) to induce capsule formation. Plate-grown bacteria were 
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washed by suspension in phosphate buffered saline (PBS, BioWhitakker) so that the 
percent transmission of the suspension was less than 10%. A volume of suspended 
bacteria equivalent to 1ml per animals to be instilled was pelleted by centrifugation 
and then resuspended in 10//I PBS per animal to be instilled containing no antibiotics 
or, in one experiment, 2.5/yg/ml erythromycin, 300 /vg/ml spectinomycin, or 10//g/ml 
chloramphenicol for AtagO, AdltA, or complemented AtagO respectively. Six week- 
old female cotton rats {Sigmadon hispidis) were anesthetized with a combination of 
Rompun, acepromazine maleate, and Ketamine (2.5mg/kg, 2.5mg/kg and 25mg/kg 
respectively). A 10/vl aliquot of resuspended S. aureus (10 9 CFUs) was intranasally 
instilled in a drop-wise fashion distributed equally in each nostril of the anesthetized 
animal. 

[094] Seven days after nasal instillation of the bacteria, animals were 
sacrificed, the nose area was cleansed thoroughly with 70% ethanol to eliminate 
surface colonization by S. aureus, and the noses were surgically removed. The 
nostrils were bisected with scissors and then the excised nose was placed in 500//I 
of PBS containing 0.5% Tween-20 (Sigma). The nose was vortexed vigorously three 
times for 20 seconds each to release colonizing bacteria and 50-100/vl of 
supernatant was plated on blood agar (Remel, Lenexa, KN) or tryptic soy agar (TSA, 
BD) supplemented with 7.5% NaCI. Antibiotics (spectinomycin 300/yg/ml, 
erythromycin 2.5/yg/ml or chloramphenicol 10//g/ml, Sigma) or lysostaphin (1//g/ml) 
were added to the TSA in some experiments to aid in isolation of the strain of S. 
aureus used in the particular study. TSA plates supplemented with NaCI were 
incubated for 48 hours at 37°C to allow S. aureus growth. 
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[095] To differentiate nasal colonization by instilled wild-type S. aureus 
SA1 1 3 that is not antibiotic resistant from indigenous coagulase-negative 
staphylococci (CoNS), a subtractive technique was used. Supernatant from 
dissected noses instilled with wild-type SA1 13 was plated on TSA plus 7.5% NaCI 
with and without 1//g/ml lysostaphin. This concentration of lysostaphin inhibited 
growth of S. aureus but not CoNS from cotton rat noses (45). Nasal colonization 
was determined as the CPUs on TSA without lysostaphin minus the CFUs on TSA 
with lysostaphin. All guidelines of both the USDA and the Biosynexus IACUC were 
followed during the animal studies described in this application. 

[096] Preparatory experiments demonstrated that elimination of the natural 
nasal flora with streptomycin or nafcillin prior to instillation did not considerably affect 
subsequent nasal colonization by S. aureus. Moreover, S. aureus nasal colonization 
had no apparent influence on the natural flora. 

[097] In the experiment using the complemented MagO mutant, both the 
mutant and the complemented mutant were instilled in PBS suplemented with 
antibiotic (2.5/vg/ml erythromycin or 10//g/ml chloramphenicol respectively) to 
maintain selective pressure for the plasmid baring the tagO gene. 

[098] In order to study the alleviation of nasal colonization by WTA, cotton 
rat noses were preinstilled with purified WTA five minutes before instillation with 
bacteria in three different experiments. Comparatively low numbers of bacteria were 
used to permit an efficient competition by the preinstilled WTA. Either S. aureus 
SA1 13 wild-type (3 x 10 4 CFU) or the clinical isolate MBT 5040 (5 x 10 5 CFU), which 
was easy to identify on agar plates because of its streptomycin resistance (45), were 
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used in experiments 1 or 2 and 3, respectively. WTA from SA1 13 wild-type in 10 ul 
PBS (50 ug in experiment 1 and 3 or 200 ug in experiments 2) were applied. In 
experiment 1 , treatment with 50 ug WTA was repeated on day one and two. Ten, 
six, and twenty animals were used in experiments one, two, and three, respectively. 
In each experiment, 50% of the animals were pretreated with WTA in PBS or with 
PBS alone as a control. 

[099] Sensitivity studies with hNP1-3. LL-37. and lactoferrin: In order to 
prepare bacteria for sensitivity experiments, Mueller Hinton Broth was inoculated 
with 1/100 volumes of an overnight bacterial culture and shaken vigorously at 37°C 
until mid-logarithmic phase was reached. The bacteria were washed thrice with 
potassium phosphate buffer (10 mM, pH 7.5) containing 0.05% HSA. Bacteria at a 
concentration of 1 x 10 6 CFU/ml were incubated with 100 ug hNP1-3/ml, 10 pi LL- 
37/ml, or 500 ug lactoferrin/ml in the same buffer after preheating all compounds at 
37°C. Samples of 10 pi each were shaken at 37°C and killing was stopped after 
various time points by 25-fold dilution in ice-cold potassium phosphate buffer. Viable 
bacteria were counted 24 h after plating appropriate dilutions on LB agar. Human 
lactoferrin was purchased from Sigma (Saint Louis, MO). hNP1-3 was purified from 
human granulocytes as described recently (63). LL-37 was synthesized by solid- 
phase peptide synthesis using the Fmoc/Bu* strategy and a polystyrene resin with a 
Rink amide resin (2). After deprotection the peptide was purified by reverse-phase 
preparative HPLC on a Nucleosil C4 column (150x10 mm). The purity of the peptide 
was checked by analytical reverse-phase HPLC and the preparation was found to be 
97% pure. The peptide identity was confirmed by electrospray mass spectrometry 
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and MALDI-MS. Equal numbers of S. aureus Sa1 13 wild-type, AlagO , and AdltA 
bacteria were incubated with 1 00 ug/ml of human defensins hNP1-3, x ug/ml 
cathelicidin LL-37, or 500 ug/ml lactoferrin and viable bacteria were counted after 
different times of incubation. 

[01001 Adherence to epithelial cells: An established human alveolar 
epithelial cell line A549 (45) was cultured in Dulbecco's modified Eagle's medium 
Nut mix F-12 (DMEM-F12) (Gibco-BRL, Carlsbad, CA), supplemented with 10% 
heat-inactivated fetal bovine serum (Biochrome, Berlin, Germany) and 2 mM 
glutamine. Primary human bronchial epithelial cells (NHBE) and the required 
medium components were purchased from Clonetics (Walkersville MD). They were 
cultured in bronchial epithelial cell growth medium (BEGM) supplemented with the 
BulletKit according to the manufacturers instructions and used up to passage 
number four. Primary human nasal epithelial cells (HNEC) and the required 
medium components were purchased from Oligene (Berlin, Germany). HNEGs were 
cultured according to the manufacturer's instructions and used up to passage 
number four. All types of epithelial cells were seeded to 24-well culture plates at 
numbers of 5 x 10 4 /well (A549), 2 x 10 4 /well (NHBE), or 1X10 4 /well (HNEC) and 
incubated at 37°C under 5% CO2. When confluent, the monolayers were washed 
three times with RPM1 1640 medium (Sigma) and used for adhesion assays. 

[0101] In order to prepare bacteria for adherence experiments, Mueller-Hinton 
broth was inoculated with 0.01 volumes of an overnight bacterial culture and shaken 
vigorously at 37°C until the mid-logarithmic phase was reached. The bacterial pellet 
was washed three times, and resuspended in PBS. Subsequently, 0.1 mg/ml of 



45 



FINNECAN 
HENDERSON 
f ARABOW 
GARRETT& 
DUNNER tif 

1300 I Street, NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.finnegan.com 



Attorney Docket No.: 7787.0061-00000 

fluorescein isothiocyanate (FITC) was added and the bacteria were labeled at 37°C 
for 1 h. After three washes with PBS, the bacteria were resuspended in RPMI and 
adjusted to the same cell number using a Neubauer chamber. 

[0102] Bacterial adhesion assays were carried out using the following 
standardized protocol: Confluent epithelial cell monolayers grown in 24-well multiwell 
plates (approximately 6.4-7 x 10 4 NHBE cells/well; 7 x 10 5 A549 cells/well; 4 x 10 4 
HNEC cells/well) were washed twice with RPMI and inoculated with FITC-labeled 
bacteria suspended in RPMI. Dose dependency of bacterial adherence was 
confirmed by using increasing multiplicities of infection (MOI), ranging from 5 to 100 
(data not shown) and MOIs of 50 or 100 were eventually used for A549 and HNECs 
or NHBE cells, respectively. After incubation for 1 hour at 37°C under 5% C0 2 , the 
wells were washed three times with RPMI and cells were fixed with 3.5% 
paraformaldehyde in PBS. No morphological changes in the cells were observed 
after this procedure in control wells containing RPMI without bacteria. Adherent 
bacteria/mm 2 were counted using a Leica DMRIBDE fluorescence microscope with a 
PL Fluotar L 63 x 0.7 objective (Leica Microsystems, Wetzlar, Germany). 
Experiments were run in triplicate and up to 10 random fields were counted in each 
well. Under these conditions, 10.0 plus or minus 1 .0% of the applied S. aureus wild- 
type cells adhered to HNEC (mean and SD of 5 experiments). 

[0103] To evaluate the effect of purified WTA on adhesion of S. aureus to 
epithelial cells, the following modifications were made. Confluently grown A549 or 
HNEC cells were preincubated with different concentrations of purified WTA (125 
ug/ml, 250 ug/ml, or 500 pg/ml) of S. aureus SA1 13 wild-type or bdltA dissolved in 
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RPMI. In the case of the NagO mutant, equal volumes of samples prepared by the 
same method but lacking WTA were applied to the epithelial cells. After one hour of 
incubation the cells were washed and inoculated with FITC-labeled bacteria as 
described above. 

[0104] IL-8 Induction: IL-8 induction was studied by incubating HNECs with 
S. aureus strains under conditions described above for adherence studies except 
that the bacteria were not labeled and were inactivated after one hour by addition of 
gentamycin (100 /yg/ml) followed by incubation for an additional 8 hours. IL-8 was 
quantified by ELISA (R&D Systems, Minneapolis, MN). 

[01 05] Adherence of WTA-coated microspheres: In order to coat amine- 
modified fluorescent microspheres (FluoSpheres, 1 .0 urn diameter, yellow-green 
fluorescent, Molecular Probes, Eugene, OR) with WTA, the beads were washed with 
potassium phosphate buffer (PPB) (10 mM, pH 7.5) and were incubated for 30 
minutes at room temperature with 200 pi WTA (500 pg/ml) under slow shaking. 
WTA had been ethanol-precipitated and dissolved in PPB. The WTA-coated beads 
were washed twice and resuspended in PPB containing 1 % BSA (Sigma) to block 
hydrophobic areas. The amount of adsorbed WTA was determined by measuring 
the amount of GlcNAc released by boiling 100 pi of WTA-coated beads without BSA 
at 100°C for 10 minutes. The WTA-coated beads were diluted in RPMI, adjusted to 
defined concentration using a Neubauer chamber, and the various samples were 
tested for equal fluorescence. Samples were used in adhesion assays on 
confluently grown A549 cells with MOIs of 50, 25 and 12.5 or on HNECs with MOIs 
of 60, 30, and 15 as described for FITC-labeled bacteria. The relative fluorescence 
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at 505/515 nm per well was quantified with a fluororeader (FL600, Bio-TEK 
Instruments, Winooski, VT). For evaluation of the results the number of beads/mm 2 
epithelial cells was determined in some experiments by counting as described above 
for FITC labeled bacteria (i.e., counted microscopically). 

f01061 Adherence to Fibronectin (Fn): Bacterial adherence to solid-phase 
Fn was studied as described by Wolz et al. (93). Briefly, 96-well microtiter plates 
(Costar, Acton, MA) were coated with 20 pg Fn/well in 50 mM sodium carbonate 
buffer (pH 9.6) for 15 hours at 4°C. Subsequently, wells were blocked with 3% BSA 
in TBS (25 mM Tris-HCI, 100 mM NaCI, pH 7,5) for two hours and washed twice with 
TBS. Bacteria were grown in IMDM to mid-logarithmic phase, washed twice with 
TBS, and adjusted to 1 x 10 9 cells/ml using a Neubauer chamber. 200 pi of bacterial 
suspensions were added to each well. After 1 h incubation at 37°C the wells were 
washed three times with TBS, stained with safranin for 1 min, and A492 was 
determined in a micro plate reader (SpectraMAX 360pc, Molecular Devices, 
Sunnyvale, CA). 

[01071 Killing studies with hNP1-3. LL-37. and lactoferrin: In order to 
prepare bacteria for killing experiments, Mueller Hinton Broth was inoculated with 
1/100 volumes of an overnight bacterial culture and shaken vigorously at 37°C until 
mid-logarithmic phase was reached. The bacteria were washed thrice with 
potassium phosphate buffer (10 mM, pH 7.5) containing 0.05% HSA. Bacteria at a 
concentration of 1 x 10 8 CFU/ml were incubated with 100 pg hNP1-3/ml, 500 pg 
lactoferrin/ml, or 100 ul LL-37/ml in the same buffer after preheating all compounds 
at 37°C. Samples of 10 pi each were shaken at 37°C and killing was stopped after 
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various time points by 25-fold dilution in ice-cold potassium phosphate buffer. Viable 
bacteria were counted 24 h after plating appropriate dilutions on LB agar. Human 
lactoferrin was purchased from Sigma. hNP1-3 was purified from human 
granulocytes as described recently (18, 68). LL-37 was synthesized by solid phase 
peptide synthesis and purified by reverse-phase HPLC. The amino acid sequence 
of LL-37 was as follows: 

LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES (SEQ ID NO. 3). 
The purity and identity of the peptides were confirmed by HPLC and mass 
spectrometry. Lactoferrin was purchased from Sigma. 

[0108] Mutant sensitivity to lysostaphin: In order to compare the activity of 
lysostaphin towards S. aureus wild type and NagO, B-media was inoculated with 
1/100 volumes of an overnight culture and shaken at 37°C until mid-logarithmic 
phase was reached. The bacteria were washed three times in PBS. All steps were 
performed at 4°C. Bacteria at an Aeoo of 1 were incubated in PBS at 30°C for 1 hour 
with or without 1 ug/ml of lysostaphin (Merck). The decrease of the Aeoo was 
measured with a micro plate reader (SpectraMAX 360pc, Molecular Devices, 
Sunnyvale, CA) every 10 minutes. 

[0109] The invention, having been described above, may be better 
understood by reference to examples. The following examples are intended for 
illustration purposes only, and should not be construed as limiting the scope of the 
invention in any way. 
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EXAMPLE 1 

Generation of and Characterization of WTA Deficient S. aureus 
[01 1 0] Colonization of the anterior nares in 30-40% of the human population 
is a major risk factor for developing severe Staphylococcus aureus infections. The 
mechanisms which mediate adherence and survival in the nares, however, remain 
unknown. 

[01 1 1] The present invention defines the first mutant deficient in production of 
wall teichoic acids (WTA), surface-exposed staphylococcal cell wall polymers, and 
demonstrate that WTA is important for nasal colonization in a cotton rat model. WTA 
deficiency did not affect susceptibility to defensins and other nasal antimicrobial 
molecules, but it did abrogate adherence to human airway epithelial cells. These 
data shed new light on the molecular basis of nasal colonization by S. aureus and 
provides strategies for preventing and combating S. aureus infections. 

[0112] Staphylococcus aureus is one of the most virulent human bacterial 
pathogens in terms of frequency and severity of blood stream infections and sepsis, 
along with metastatic, often chronic infections and high a mortality rate. The recent 
increase in the incidence of multiple antibiotic-resistant isolates of S. aureus, 
including the emergence of vancomycin-resistant strains, has raised the specter of 
unbeatable S. aureus infections and increases the urgency for the development of 
novel preventive and anti-infective strategies (40). Accordingly, one of the major risk 
factors for S. aureus infections - nasal carriage - has gained increasing interest (90) 
but the molecular basis of adherence to and multiplication on nasal epithelia has 
remained elusive. Several studies have documented that -20% of the healthy adult 
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population are persistent S. aureus carriers while another 60% are intermittently 
colonized in the anterior nares. This carrier status is associated with an increased 
risk of S. aureus infections in patients undergoing surgery or on dialysis and in those 
infected with HIV (65) to name a few. Accordingly, great efforts are made to 
eliminate S. aureus from the noses of patients and health-care workers. The 
antibiotic mupirocin has been effective for topical eradication of S. aureus and can 
reduce the risk of S. aureus infections but the increasing prevalence of mupirocin 
resistance demands new strategies to interfere with nasal colonization by S. aureus 
(51). 

[01 13] The staphylococcal cell envelope contains in addition to surface 
proteins, teichoic acids, which are complex surface-exposed polymers, whose role in 
bacterial pathogenesis and physiology are not yet fully understood and whose 
biosynthesis has attracted only limited attention (31, 58, 71). Teichoic acids are 
either covalently linked to the peptidoglycan (wall teichoic acids, WTA) or connected 
to membrane glycolipids (lipoteichoic acids, LTA) (31). The failure of gene 
replacement studies in Staphylococcus epidermidis (32) and Bacillus subtilis (53) 
has led to the assumption that WTA represents an important component of all Gram- 
positive bacteria; nevertheless, a WTA-deficient S. aureus mutant was described in 
the late 1960s (14). Due to lack of information about the mutated gene and 
possible rates of reversion, however, the relevance of this study has been 
questioned. S. aureus produces a WTA distinct from those of all other 
staphylococcal species. This unique structure may be involved in virulence 
mechanisms of S. aureus. This unique WTA is composed of MO ribitolphosphate 
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repeating units and modified with N-acetylglucosamine (GlcNAc) and D-alanine (31) 
(Fig. 1 A). A S. aureus mutant lacking the D-alanine modifications in WTA and LTA 
has been recently described (38). Characterization of this mutant demonstrated key 
roles of the alanine modifications in the escape from killing by defensins and other 
cationic host defense factors (68), in biofilm formation (38), and in survival in a 
mouse sepsis model (18). 
Generation of the WTA Deficient Mutant 

[01 14] In order to more thoroughly study the role of teichoic aids in virulence, 
we identified the WTA-biosynthetic gene tagO, and generated the first defined WTA- 
deficient mutant. As discussed in the subsequent Examples below, this defined 
mutant {AtagO) demonstrates the role of WTA in nasal colonization by S. aureus in a 
cotton rat model. 

[0115] Previous studies in B. subtilis have led to identification of some of the 
genes for WTA biosynthesis by generating conditional mutants (32, 46, 72, 83, 95). 
However many genes of the biosynthetic pathway have remained uncharacterized 
(71). According to biochemical studies (9, 17, 95), the first enzyme should be a 
membrane protein which transfers GlcNAc from UDP-GlcNAc to the universal 
bacterial lipid carrier, bactoprenol. A B. subtilis gene with homology to this type of 
enzyme, tagO, has recently been shown to be important for viability and repression 
of this gene's transcription has led to reduced incorporation of radioactive WTA 
precursors into the cell wall (82). We have now identified related genes in the 
genomes of S. aureus and all Gram-positive bacteria producing WTA (data not 
shown). 
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[01 16] The S. aureus tagO homologue was replaced by an erythromycin 
resistance cassette (Fig. 1B) in S. aureus Sa113 to evaluate its possible involvement 
in WTA biosynthesis. Cell walls from wild-type S. aureus Sa1 13 and the biagO 
mutant were prepared and WTA was released by acidification. WTA was 
undetectable in the AlagO mutant by polyacrylamide gel electrophoresis but WTA 
reappeared upon complementation with plasmid the pRBtagO bearing the tagO 
gene (Fig. 1C). Analysis of the phosphate and GlcNAc contents of the NagO 
mutant revealed only trace amounts of wild-type phosphate (8.25%) and GlcNAc 
(8.14%) (Fig. 1D). These trace amounts are probably derived from residual nucleic 
acid and peptidoglycan contamination. Ribitol, the hallmark of WTA, was nearly 
undetectable in samples from the mutant (168 nmol ribitol in the wild-type versus 
0.76 nmol ribitol in the mutant per mg cell wall dry weight) (Fig. 1D). This residual 
amount of ribitol was close to the detection limit and may represent residual 
impurities in the gas chromatography capillary from previous runs of other samples. 
Several S. aureus phages such as 3A52 and 01 1 are known to employ WTA as a 
receptor for infection of bacterial cells (61 , 63). The tagO mutant was totally resistant 
to these phages while the wild-type strain and the complemented mutant were 
susceptible to phage infection (data not shown). Taken together, these data 
demonstrate that the tagO mutant is devoid of WTA. The similarity of TagO to UDP- 
/V-acetylglucosamine transferases (82) suggests a role in the first step of WTA 
synthesis, the transfer of GlcNAc to the bacterial lipid carrier, bactoprenol. 
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Initial Characterization of the WTA Deficient Mutant 

[01 17] Patterns of cell wall-anchored proteins in wild-type and AtagO showed 
no major differences (data not shown). Growth characteristics of S. aureus Sa113 
wild-type and the AtegO mutant were compared in a complex media (Basic Medium, 
BM) and a minimal media (Iscove's modified Dulbecco's Medium, IMDM). 
Generation times were very similar for both strains under conditions relevant in the 
anterior nares (30°C, good aeration) (Fig. 2A), indicating that WTA plays only a 
minor role in S. aureus cell replication. The AtegO mutant had only a slightly 
increased lag phase and reduced generation time at 37°C in rich medium (61 ±3 min 
in the mutant vs. 50±4 min in the wild-type; mean ± SD). Survival rates of wild-type 
and AtegO in the stationary phase were very similar over a period of at least six days 
(Fig. 2B). 

EXAMPLE 2 

WTA is Important for Adherence to Epithelial Cells 
[01 18] Another mutant of S. aureus SA1 13, AdltA, has been described (68). 
This mutant lacks the D-alanine modifications in WTA and in the membrane- 
anchored lipoteichoic acid (Fig. 1A). The AtagO and AdltA mutants were analyzed 
for their capacity to adhere to human airway epithelial cells (normal human bronchial 
epithelial cells, NHBE) (Fig. 3A) and human nasal epithelial cells (HNEC) (Fig. 3B). 
In HNECs, both mutants adhered considerably less efficiently than the wild-type 
(AtegO, 80% reduced adherence; AdltA, 55% reduced adherence; Fig. 3B). Mutant 
strains complemented with the missing gene show wild-type levels of adhesion. 
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Similar but less pronounced differences were found when adherence to primary 
human bronchial cells were analyzed (Fig. 3A). 

[0119] The AtagO and AdltA mutants were also analyzed for their capacity to 
adhere to the human airway epithelial cell line A549 (Fig. 3C). Both mutants adhered 
considerably less efficiently than the wild type strain (AtagO, 51% reduced 
adherence; AdltA, 66% reduced adherence; data set #1 ) while the complemented 
strains of each mutant exhibited wild-type levels of adhesion. 

[0120] Preincubation of A549 cells with WTA isolated from wild-type S. aureus 
caused a dose-dependent reduction in numbers of wild type S. aureus bound to the 
cells (Fig 4A). When WTA preparations from the dltA mutant or preparations from 
the tagO mutant that had been prepared by the same method but were lacking WTA 
were used in the same assay however, no such reduction in binding of wild type S. 
aureus to the eukaryotic cells was observed. Latex beads coated with wild-type 
WTA showed a strong, dose-dependent increase in binding to A549 compared to 
non-coated beads, while coating with samples from AragO or AdltA caused no or 
only very weakly increased binding (Fig. 4B). This suggests that there is a specific 
interaction between wild-type WTA with epithelial cells, which is further substantiated 
by a pronounced reduction in the capacity of S. aureus to colonize cotton rat noses 
upon preinstillation of the noses with WTA (Fig. 6B). 

[0121] There were no significant differences in the induction of 
proinflammatory cytokines by S. aureus wild-type, AtagO, and AdltA in A549 (Fig. 
4C) indicating that the proinflammatory capacities of the three strains are similar. 
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[0122] Fibronectin- (Fn-) mediated interactions play a role in S. aureus 
binding to human cells (24) and S. epidermidis WTA has been shown to enhance 
adhesion to immobilized Fn (41 ). However, MagO and AdltA did not show any 
reduction in their in vitro capacity to bind to Fn (Fig. 4D), indicating that interactions 
other than those involving Fn are responsible for WTA-mediated binding of S. 
aureus to epithelial cells. 

EXAMPLE 3 

Susceptibility of Mutants to Antimicrobial Peptides and Lvsostaphin 
[01 23] Nasal secretions from humans and rodents contain a number of 
cationic antimicrobial peptides and proteins (16, 89). Airway epithelia from humans 
and rodents produce a number of antimicrobial substances including defensins, 
cathelicidins, lactoferrin, and others. The teichoic acid D-alanine esters play a key 
role in S. aureus resistance to this class of host defense factors (68, 18). In addition, 
Fn-mediated interactions with integrins have been shown to play a role in S. aureus 
binding to epithelial cells (25). As demonstrated in Example 4 below, the capacity of 
AtagO and AdltA to colonize cotton rat noses is decreased in comparison to wild 
type. This may might be due to increased susceptibility of the mutants to these 
innate host defense factors. Accordingly, susceptibilities of S. aureus wild-type, 
AdltA, and AtagO to human defensin hNP1-3, cathelicidin LL-37, and lactoferrin were 
compared (Fig. 5A). LL-37 was the most potent compound while 10- or 50-fold 
higher amounts were necessary to achieve similar antibacterial activities with hNP1- 
3 and lactoferrin, respectively. The AdltA mutant was considerably more susceptible 
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to all three substances. In contrast, the lack of WTA in AtagO had no influence on 
the activity of the three peptides as compared to the wild-type strain (Fig. 5A). This 
result indicates that an increased susceptibility of S. aureus AtagO to nasal patient 
defenses is probably not responsible for the inability of this mutant to colonize cotton 
rat noses. 

[0124] Susceptibilities of S. aureus wild-type (solid symbols) and AtagO 
(open symbols) to lysostaphin were also compared (Fig. 5B). Bacterial suspension 
with an Aeoo of 1 were incubated at 30°C for 1 hour with (circles) or without (squares) 
lysostaphin at a concentration of 1pg/ml. The values in Figure 5B are given as 
percentages of the initial Aeoo. The WTA deficient mutant {AtagO) had increased 
resistance to lysis with lysostaphin as compared to wild type. Indeed, the addition of 
lysostaphin to the AtagO bacterial culture made little difference in the amount of 
bacterial remaining after a 1 hour incubation. 

EXAMPLE 4 

Role of WTA in Nasal Colonization 
[0125] Indirect data from the 1980s have implicated teichoic acids in binding 
to human airway epithelial cells (2) suggesting a possible role of WTA in nasal 
colonization. The recently developed cotton rat {Sigmadon hispidis) model of S. 
aureus nasal colonization permits consistent and persistent high-level nasal^ 
colonization (45). The cotton rat model reflects well the situation in human S. aureus 
carriers since the cotton rat nares have similar histological properties to humans with 
squamous, cuboid to columnar, columnar, and pseudostratified columnar epithelial 
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areas (73). Cotton rats have been shown to be susceptible to many bacterial and 
viral respiratory human pathogens and to follow disease courses similar to those 
observed in humans (60). 

[0126] Six week-old female cotton rats were intranasally instilled with equal 
numbers of either S. aureus SA1 13 wild type or a defined SA1 13 mutant as shown 
in Table 1. After seven days, nasal colonization was enumerated. 
TABLE 1 



Strain 


Number of rats 
colonized/ number 
tested 3 


Mean CFUs b 


Median 
CFUs b 


Wild Type 


15/15(3) 


6011 


6207 


AtagO 


0/15 (3) c 


0 


0 


AtagO 
complemented 


5/5 (1) c 


173 


146 


AdltA 


4/10 (2) c 


30 


33 



a Numbers in parenthesis reflect the number of experiments. 
b Colony Forming Units (CFUs) recovered per colonized nare. 
c In one experiment, bacteria were instilled in PBS containing antibiotics as 
described in Methods. 

[0127] While the noses of all animals instilled (15 out of 15) with wild-type 
bacteria were colonized with an average of 601 1 CFUs/nose, no S. aureus bacteria 
were detectable in the noses of AfagO-instilled cotton rats. 

[0128] In a follow-up experiment, nasal colonization by NagO complemented 
with plasmid pRBtagO was examined. Five of five animals were colonized with the 
complemented mutant seven days after instillation (Table 1), albeit at a lower level 
than with wild-type bacteria. This lower level of colonization can be explained by the 
lack of antibiotic selective pressure in the nose, resulting in loss of the 
complementing plasmid. This explanation is supported by the finding that pRBtagO 
exhibited only limited stability after some days in the absence of antibiotic selection 
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in vitro (Fig. 6A). It should be noted that all bacteria recovered from animals instilled 
with the complemented mutant had retained the plasmid, indicating that the 
presence of WTA is a prerequisite for continued nasal colonization. 

[0129] Most of the Ad/W-instilled animals were also devoid of S. aureus, only 
4 of 10 cotton rats were nasally colonized and these four animals had a low average 
of 33 CFUs/nose. These data indicate that there is an important role for intact 
teichoic acids for nasal colonization by S. aureus. 

[0130] In another experiment, the time course of nasal colonization by S. 
aureus wild-type and MagO was compared. One and two days after bacterial 
instillation, nasal colonization in AtegO-instilled animals was 90.7 ±1.4% and 98.3 ± 
0.3% lower, respectively (mean and SD of at least ten animals infected with wild- 
type or MagO), as compared to wild-type-instilled animals, which indicates that WTA 
deficiency resulted in a rapid elimination of the bacteria from cotton rat noses. 

[0131] The effect of precoating the nares of cotton rats with WTA before 
exposure to S. aureus was determined. There was a pronounced reduction in the 
capacity of S. aureus to colonize cotton rat noses upon preinstillation of the noses 
with WTA (Fig. 6B; compare PBS only (light gray bars) to WTA treated (dark gray 
bars)). Thus, treating cotton rat nares with a WTA preparation before introduction of 
S. aureus into the nares alleviated the staphylococcal infection. 
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EXAMPLE 5 

Antibodies That Specifically Bind to WTA 
[01 32] Antibodies that specifically bind WTA are generated by methods well 
known to the skilled artisan. See U.S. Patent 6,610,293, which is incorporated 
herein by reference. For example, polyclonal antibodies that specifically recognize 
WTA are generated by inoculating mice subcutaneously with a WTA preparation. 
The WTA preparation is comprised of WTA or WTA fragments and complete 
Freund's adjuvant. A range of antigen amounts are administered, for example, 
10^/g, 50 yg, or 100 fjg. This initial inoculation is followed by one or more boosting 
inoculations at intervals of approximately 1 to 2 months. The boosting antigen 
preparation comprises WTA or WTA fragments in incomplete Freund's adjuvant. 
Different combinations of antigen amounts and boosting schedules are carried out to 
determine the dosage and boosting schedule that will produce the optimal immune 
response to WTA. Polyclonal antibodies are prepared by harvesting the blood of the 
vaccinated mice and preparing blood serum by centrifuging the blood sample to 
separate serum from cellular components. Polyclonal antibodies may also be 
produced in rabbits by similar methods. 

[0133] Monoclonal antibodies are prepared by removing the spleens of the 
vaccinated mice and producing hybridoma cell lines from the harvested splenocytes. 
For example, hybridomas are prepared by general methods (6, 79). Generally, a 
total of 2.135 X 10 8 spleenocytes from a vaccinated mouse are mixed with 2.35 X 
10 7 SP2/0 mouse myeloma cells (ATCC Catalog number CRL1581) and pelleted by 
centrifugation (400 X g, 10 minutes at room temperature) and washed in serum free 
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medium. The supernatant is removed to near-dryness and fusion of the cell mixture 
is accomplished in a sterile 50 ml centrifuge conical by the addition of 1 ml of 
polyethylene glycol (PEG; mw 1400; Boehringer Mannheim) over a period of 60-90 
seconds. The PEG is diluted by slow addition of serum-free medium in successive 
volumes of 1, 2, 4, 8, 16 and 19 mis. The hybridoma cell suspension is gently 
resuspended into the medium and the cells are pelleted by centrifugation (500 X g, 
10 minutes at room temperature). The supernatant is removed and the cells are 
resuspended in medium RPM1 1640, supplemented with 10% heat-inactivated fetal 
bovine serum, 0.05 mM hypoxanthine and 16 uM thymidine (HT medium). One 
hundred jj\ of the hybridoma cells are planted into 760 wells of 96-well tissue culture 
plates. Eight wells (column 1 of plate A) receive approximately 2.5 X 1 0 4 SP2/0 cells 
in 100 jjI. The SP2/0 cells serve as a control for killing by the selection medium that 
is added 24 hours later. 

[0134] Twenty four hours after preparation of the hybridomas, 100 jj\ of RPMI 
1640, supplemented with 10% heat-inactivated fetal bovine serums, 0.1 mM 
hypoxanthine, 0.8 uM aminopterin and 32 uM thymidine (HAT medium) is added to 
each well. Ninety six hours after the preparation of the hybridomas, the control 
SP2/0 cells are checked for cell death, indicating that the HAT selection medium had 
successfully killed the unfused SP2/0 cells. 

[0135] Eleven days after the preparation of the hybridomas, supernatants 
from all wells are tested by ELISA for the presence of antibodies reactive with a 
WTA preparation. Based on the results of this preliminary assay, cells from 20 wells 
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are transferred to a 24-well culture dish for further growth of positive clones and 

isolation of MAbs. 

[0136] Chimeric antibodies may be generated from hybridoma cells by 
isolating total RNA from these cells, preparing cDNA, and then cloning out the 
antibody light chain variable region and the antibody heavy chain variable through 
the use of PCR. See U.S: Patent 6,610,293. Generally, the first strand cDNA 
synthesis products are purified using a Centricon-30 concentrator device (Amicon). 
Of the 40 /j\ of cDNA recovered, 5 //I is used as template DNA for PCR. Typical 
PCR amplification reactions (100 /vl) contain template DNA, 50 pmoles of the 
appropriate primers, 2.5 units of ExTaq polymerase (PanVera), 1x ExTaq reaction 
buffer, 200 jjM dNTP, 1mM MgCI 2 . The template is denatured by an initial 
incubation at 96°C for 5 min. The products are amplified by 15 thermal cycles of 
55°C for 30 sec, 70°C for 30 sec, then 96°C for 1 min. followed by 25 step cycles of 
70°C for 1 min., then 96°C for 1 min. The resulting PCR products are then cloned 
into a carrier plasmid to facilitate sequencing of the amplified PCR products. 

[01 37] The heavy and light chain variable regions are then subcloned into a 
mammalian expression plasmid vector for production of recombinant chimeric 
antibody molecules. The resulting vector expresses both antibody chains with CMV 
promoter driven transcription. Neomycin resistance serves as a dominant selectable 
marker for transfection of mammalian cells. For additional detail, see U.S. Patent 
6,610,293. Accordingly, humanized antibodies may be produced by techniques well 
known to those of ordinary skill in the art (8, 39). Human antibodies that bind WTA 
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may be produced by immunizing an animal that produces human antibodies, such 
as a transgenic mouse that expresses human antibody genes. 

[0138] The opsonophagocytic bactericidal activity of a preparation of 
polyclonal antibodies or monoclonal antibodies may be tested by a variety of assays 
known to the skilled artisan. See U.S. Patent 6,610,293. For example, a neutrophil 
mediated bactericidal assay may be used. Generally, neutrophils are isolated from 
adult venous blood by dextran sedimentation and ficoll-hypaque density 
centrifugation. Washed neutrophils are added to round-bottomed wells of microtiter 
plates (approximately 10 6 cells per well) with approximately 3 x 10 4 mid-log phase 
bacteria (i.e., S. aureus). Newborn lamb serum (10 //Is), screened to assure 
absence of antibody to S. epidermidis, is used as a source of active complement. 

[0139] Forty microliters of immunoglobulin (or serum) are added at various 
dilutions and the plates are incubated at 37°C with constant, vigorous shaking. 
Samples of 10 /yls are taken from each well at zero time and after 2 hours of 
incubation. Each is diluted, vigorously vortexed to disperse the bacteria, and 
cultured on blood agar plates overnight at 37°C to quantitate the number of viable 
bacteria. Opsonophagocytic activity is presented as percent reduction in numbers of 
bacterial colonies observed compared to control samples. 

[0140] The ability to systemically alleviate staphylococcal infection may be 
evaluated in rats. Generally, two day old Wistar rats are injected with -10 6 S. aureus 
(type 5, ATCC 12605) subcutaneously just cephalad to the tail. Approximately 30 
minutes before and 24 and 48 hours after infection, approximately 320 fjg of an anti- 
WTA MAb is given IP. Control animals are given an equal volume of saline or a 
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control MAb not directed against staphylococci. All animals are observed daily for 
five days to determine survival. 

[0141] The ability of an antibody preparation to alleviate staphylococcal 
colonization in the nares by preinstillation of the MAb may be measured using a 
technique similar to that described for determining WTA effectiveness. Generally, 
cotton rat noses are preinstilled with saline or saline containing anti-WTA MAb (2- 
3mg purified IgG/mouse dose of 1-3x10 8 bacteria) five minutes before instillation 
with bacteria in three different experiments. Comparatively low numbers of bacteria 
are used to permit an efficient competition by the preinstilled MAbs. Either S. aureus 
SA1 13 wild-type (3 x 10 4 CFU) or the clinical isolate MBT 5040 (5 x 10 5 CFU), which 
is easy to identify on agar plates because of its streptomycin resistance (45) are 
used. In each experiment, 50% of the animals are pretreated with WTA in PBS or 
with PBS alone as a control. 

[0142] In addition, the effectiveness of a MAb to alleviate an established 
staphylococcal nasal infection may also be measured. Generally, mice are instilled 
with 6x1 0 7 S. aureus. One and three days following instillation of bacteria, saline or 
anti-WTA MAb in saline is instilled in the nares of the colonized mice. On day five, 
mice are sacrificed, the noses prepared as described above, and plated to detect the 
presence of S. aureus. 

CONCLUSIONS 

[0143] The results of experiments performed demonstrate a significant role of 
WTA and the d-alanine ester of WTA and/or LTA in nasal colonization. To our 
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knowledge, WTA is the first factor identified as important for nasal colonization. 
While it may be possible to attribute the lack of nasal colonization by the Acf/W 
mutant to this mutant's increased susceptibility cationic antimicrobial components, 
the MagO mutant was no more susceptible to the antimicrobial components found 
on nasal epithelia than the S. aureus wild-type. This observation indicates that 
reasons other than reduced resistance are responsible for the failure of the wall 
teichoic acid mutants to colonize the cotton rat nares. 

[0144] Reduced adherence of the MagO mutant to primary epithelial cells and 
to an epithelial cell line, the WTA-mediated adherence of latex beads, and the dose- 
dependent reduction of adherence to epithelial cells when preincubated with wild- 
type WTA but not with mutated WTA indicates that WTA mediates the interaction of 
S. aureus with airway epithelial cells. These observations also point toward a 
specific interaction of WTA polymers with patient factors. It remains to be 
determined whether S. aureus WTA interacts directly with complementary patient 
cell receptors or whether other molecules are involved in this interaction. Which 
ever the case, fibronectin and integrins appear not to be directly involved in WTA- 
mediated attachment of S. aureus to the nasal epithelium. This is in contrast to 
earlier studies (3) which suggest that teichoic acid is the S. aureus receptor for 
fibronectin. It has also been suggested (7) that there are two kinds of receptors for 
S. aureus on nasal cells, one of which is unaffected by teichoic acid. This study 
argues against this hypothesis or at least suggests that teichoic acid is required for 
both interactions. Certain mammalian scavenger receptors have been reported to 
interact with S. aureus cells and purified lipoteichoic acids and some of them have 
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been identified on epithelial cells (66). Whether they are capable of binding WTA 
and whether these or other receptors are involved in S. aureus binding to nasal 
epithelia remains to be determined. 

[0145] The D-alanine esters of teichoic acid appear to play an major but non- 
important role in nasal colonization. Since both AtegO and AdltA adhered less 
efficiently to epithelial cells as compared to wild-type bacteria, the two mutations 
may interfere with colonization in similar ways. Since AdltA is considerably more 
susceptible to various nasal antimicrobial substances, however, increased 
inactivation of this strain by nasal patient defenses may contribute to its reduced 
capacity to colonize cotton rat nares. 

[0146] Further evidence for a direct role of teichoic acids in adherence to 
epithelia comes from Listeria monocytogenes whose teichoic acid d-alanine esters 
have been implicated in binding to epithelial cells (1). Pneumococci, which produce 
unique choline-containing WTA and LTA bind to endothelial cells by attachment of 
the choline residues to the PAF receptor (21). Several mammalian lectin-like 
receptors have been reported to interact with S. aureus cells and purified teichoic 
acids or similar polymers (62). It is tempting to speculate that receptors of this type 
mediate S. aureus attachment to nasal cells. 

[0147] The above experiments shed new light on the molecular interactions 
between S. aureus and patient cells and on the previously elusive role of WTA in the 
staphylococcal cell envelope. The various staphylococcal species are very diverse 
in their WTA structure (26) and these differences may play a role in the tropism of a 
given species for a certain host organism and for certain areas of skin or mucous 
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membranes. In fact, polyribitolphosphate WTA is unique to S. aureus and is not 
found in any other staphylococcal species (26). Irrespective of the polymer 
composition, the linkage unit between cell wall and WTA is conserved and 
homologues of tagO are found in all WTA-producing Gram-positive bacteria 
including, listeria, enterococci, streptococci, bacilli, and Clostridia. S. aureus may be 
unique in the dispensability of WTA since S. epidermidis and B. subtilis appear to 
require its presence for viability (32, 82). Thus, tagO represents an interesting target 
for new antimicrobial substances that may or may not be bactericidal but may 
impede their capacity to colonize. Moreover, S. aureus WTA may be considered as 
a new target for active or passive vaccination. 

[0148] Having now fully described the invention, it will be appreciated by 
those skilled in the art that the invention can be performed within a range of 
equivalents and conditions without departing from the spirit and scope of the 
invention and without undue experimentation. In addition, while the invention has 
been described in light of certain embodiments and examples, the inventors believe 
that it is capable of further modifications. This application is intended to cover any 
variations, uses, or adaptations of the invention which follow the general principles 
set forth above. 

[0149] Other embodiments of the invention will be apparent to those skilled in 
the art from consideration of the specification and practice of the invention disclosed 
herein. It is intended that the specification and examples be considered as 
exemplary only, with a true scope and spirit of the invention being indicated by the 
following claims. 
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